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Introduction
Dromedary camels are considered the best livestock 
animals in arid, semiarid, and desert areas; camel milk 
is a valuable source of both nutrition and income in these 
areas (Saleh and Faye 2011; Ali et al. 2016; Legesse et al. 
2017; Elbashir and Elhassan 2018). Camels can produce 
more milk for a longer period of time in arid zones and 
harsh environments than any other domestic livestock 
species (Seifu and Tafesse 2010; Eissa et al. 2011; Alluwaimi 
et al. 2017). Nevertheless, similar to other dairy animals, 
camels are affected by udder infections such as mastitis, 
which is a complex disease occurring worldwide among 
such animals. Heavy economic losses can occur as a result 
of clinical and subclinical mastitis (Toroitich et al. 2017; 
Gramay and Ftiwi 2018; Ali et al. 2019). 
Mastitis, particularly the subclinical type, is one of 
the most persistent and widely spread disease condition 
that affect milk hygiene and quality among dairy camels 
(Husein et al. 2013; Hadef et al. 2016). The prevalence of 
subclinical mastitis in this species varies among differ-
ent studies (15-67.4%; Bhatt et al. 2004; Abera et al. 2010; 
Seifu and Tafesse 2010; Alamin et al. 2013). Subclinical 
mastitis causes the animal to suffer, reduces the milk 
yield, alters milk properties, impairs preservation and 
processing, and represents a public health concern for 
consumers of camel milk (Saleh and Faye 2011). In the 
same context, according to Fazlani et al. (2011), mastitis is 
known to cause a loss of approximately 70% of the camel 
milk production. Moreover, Ali et al. (2016) reported that 
subclinical mastitis modifies the composition of camel 
milk by decreasing the protein, fat, and lactose content; 
increasing enzymatic activity; and creating a higher 
electrical conductivity. 
Therefore, many studies have been performed to in-
vestigate the effects of subclinical mastitis on milk yield 
and composition in other animal species. However, there 
are no reports in the literature regarding this association 
in camels. Thus, this study aimed to determine the impact 
of subclinical mastitis on milk yield and milk composition 
parameters in dairy camels.
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This study investigated the effects of subclinical mastitis on milk yield 
and milk composition parameters in dairy camels. A total of 140 camel milk samples 
were collected from multiparous she-camels (7-10 years old) and were subjected to 
bacteriological culture studies; 76 samples displayed subclinical mastitis and 64 samples 
were healthy. Furthermore, the samples were analyzed via standard procedures to 
determine the yield and composition parameters of the milk such as pH, electrical con-
ductivity, protein, fat, lactose, and ash content. The results showed that the milk yield 
was significantly low (p < 0.05) in infected animals compared to healthy animals (3.80 vs 
4.32 L·day-1). Moreover, compared to the values observed in healthy milk samples, milk 
from animals with subclinical mastitis showed significantly decreased (p < 0.05) protein 
(3.33 vs 3.40%) and fat (3.67 vs 3.74%) contents. However, no significant changes (p > 
0.05) were observed in pH, electrical conductivity, lactose, or ash content. The results of 
the uninfected milk samples revealed that there was significant correlation between the 
protein and fat content (r = 0.781; p < 0.01) and between the lactose and ash content (r = 
0.701; p < 0.01). Conversely, the infected ones showed that there was higher significant 
correlation between the protein and fat contents (r = 0.807; p < 0.01) and a medium 
correlation between the lactose and ash contents (r = 0.603; p < 0.01). In conclusion, 
the results suggest that subclinical mastitis is negatively associated with a reduced milk 
yield and lower protein and fat content. Thus, these parameters can be used to diagnose 

























This study was performed in a dairy farm located in 
Bir Naam, Southeast Algeria. This area is characterized 
by an arid climate with an average annual temperature 
of 21.8 °C and an average precipitation of 11.75 mm. 
The rainy period begins at the start of September and 
lasts until May with a maximum of 19 mm of precipi-
tation in November. The remainder of the year, pas-
tures in the region are considered arid with an average 
maximum temperature of 33.6 °C and a very low pre-
cipitation of 2 mm in July. The vegetation commonly 
consists of steppe plants such as Stipa tenacissima and 
Ampelodesmos tenax.
Animals
The present study evaluated 140 milk samples obtained 
from multiparous healthy dairy she-camels. The ani-
mals were between 7 and 10 years old, with an average 
weight of 300 to 350 kg and an average milk yield of 
4.04 ± 0.10 L∙day-1. All animals were maintained under 
the same conditions (grazing and supplementary farm-
ing systems). The animals were submitted to the same 
diet, which was primarily based on pasture (grass pas-
ture system). The animals were supplemented with some 
barley concentrate and dry hay straw, with a higher intake 
during the dry season. The animals were hydrated regu-
larly and hand-milked twice daily at 12-hour intervals. 
Calving generally occurs during the winter season and 
starts as early as November.
Sample collection
At the beginning of the experiment, all the camels were 
subjected to clinical examinations. The camels’ udders 
were examined visually and by palpitation for the pres-
ence of any lesions by assessing redness, pain, heat, and 
swelling. Moreover, milk samples from each animal 
were obtained and assessed for any change in color and 
consistency. In this study, the 140 milk samples were 
collected just before the morning milking during the 
late stages of lactation. The teats were washed thor-
oughly and dried with a single-use paper towel. The first 
three streams of milk from each teat were discarded. 
The teat end and orifice were sanitized with cotton 
swabs soaked in 70% alcohol. The samples were collected 
from each animal in a sterile bottle. Furthermore, the 
milk samples were labeled, stored in an ice box, and 
transported immediately within 2-4 hours after collec-
tion to the laboratory for the bacteriological and physi-
cochemical analyses.
Milk analysis
Measurement of milk production
Upon arrival to the laboratory, the quantity of the collected 
milk from each animal was measured with a graduated 
cylinder. The daily milk yield of the animals was the sum 
of the morning and evening milking.
Bacteriological analysis
The microbiological cultures were established accord-
ing to the standard procedures of the National Mastitis 
Council (NMC 1987). All milk samples were used for 
the detection of specific bacteria that cause subclinical 
mastitis. For this purpose, a loopful of each milk sample 
was cultured on defibrinated sheep blood agar (7%), nu-
trient agar, BCP (Bromcresol Purple Lactose) agar, and 
Chapman agar. Moreover, the plates were incubated at 
37 °C for 24-48 hours. A sample was considered positive 
for subclinical mastitis when the growth of five or more 
identical colonies was detected on the streaks (Contreras 
et al. 1997; Pradieé et al. 2012). However, the growth of 
two or more different bacterial colonies (> 5 CFUs per 
type) was considered contamination, and the result was 
removed from the analysis (Gonzalo et al. 2002; Pradieé 
et al. 2012). The resulting growth was identified based on 
morphology, colony characteristics, Gram reaction, hemo-
lytic characteristics, catalase test, and classic biochemical 
tests. Staphylococci and micrococci were identified based 
on their growth characteristics on triple sugar iron agar, 
mannitol salt agar, the nitrate reductase test, the urease 
test, the coagulase test, and the catalase test (Forbes et 
al. 2002; Quinn et al. 2011). Isolates that were tentatively 
identified as streptococci were evaluated according to their 
growth characteristics on the sheep blood agar, catalase 
production, and sugar fermentation tests. Gram-negative 
isolates were sub-cultured on BCP agar and were further 
tested using triple sugar iron agar, motility assessments, 
the IMViC test (Indole, Methyl red, Voges-Proskauer, 
and citrate utilization tests), and the urease test (Forbes 
et al. 2002; Quinn et al. 2011).
Physical analysis
The pH of the milk samples was determined using a 
pH-meter (Hanna HI 99161, Romania) equipped with 
a combined glass electrode after calibration in buffer 
solutions of pH 4 and 7. Furthermore, the electrical con-
ductivity was estimated with an electrical conductivity 
meter (Hanna EC 215) after the device was calibrated 
using standard buffer solutions.
Chemical analysis
The protein content was determined through quantifi-
cation of the nitrogen content by the Kjeldahl method 
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following the AOAC (2000). Nitrogen was then multi-
plied by a standard factor (6.38) so that the results were 
expressed as total protein content. The fat content was 
determined by the Gerber method according to the AOAC 
(2000). The lactose content was determined by Bertrand’s 
method (AFNOR 1993). The ash content was determined 
by an AOAC (2000) technique using carbonization of the 
samples in a direct flame and subsequent calcination in 
a muffle at 550 °C for 4-6 hours.
Statistical analysis
The data were analyzed using the Statistical Analysis 
System Program SPSS v.16.0. The model applied included 
the fixed effect of subclinical mastitis. Data are displayed 
in the tables as the mean ± SEM. Differences in the mean 
values were tested using the independent-samples T test or 
the Mann-Whitney U test after evaluating the normal dis-
tribution by the Shapiro-Wilk and Kolmogorov-Smirnov 
tests. Pearson’s correlation test was used to interpret the 
relationship between the various studied parameters. A 
probability level (p) of 0.05 was chosen as the limit for 
statistical significance in all tests.
Results
The effect of subclinical mastitis on milk yield and com-
position parameters is shown in Table 1. Among the 140 
samples analyzed, 76 were positive and 64 were negative. 
In addition, our study indicated that subclinical mastitis 
had a significant (p < 0.05) effect on milk yield (3.80 vs 
4.32 L∙day-1), protein content (3.33 vs 3.40%), and fat 
content (3.67 vs 3.74%), with these parameters being 
significantly lower in the positive samples than in the 
negative samples (p < 0.05). However, no significant (p 
> 0.05) effect of subclinical mastitis was found on pH, 
electrical conductivity, lactose, or ash contents.
The correlations between all of the studied param-
eters are reported in Table 2. In the healthy samples, 
the results showed that protein had a highly significant 
positive correlation with fat content (r = 0.781; p< 0.01) 
and moderate positive correlation with ash (r = 0.264; p 
< 0.05). In comparison with the uninfected samples, the 
protein was significantly correlated with fat content (r 
= 0.807; p < 0.01), lactose (r = 0.343; p < 0.01) and ash (r 
Parameters Means ± SEM p-value
Healthy Infected
Number of samples 64 76
Milk yield (L·day-1) 4.32 ± 0.14 3.80 ± 0.14 0.023
pH 6.56 ± 0.01 6.53 ± 0.01 0.220
EC (mS·cm-1) 6.84 ± 0.14 6.98 ± 0.13 0.459
Protein (%) 3.40 ± 0.02 3.33 ± 0.02 0.039
Fat (%) 3.74 ± 0.01 3.67 ± 0.01 0.006
Lactose (%) 4.20 ± 0.04 4.10 ± 0.03 0.066
Ash (%) 1.02 ± 0.02 0.94 ± 0.02 0.064
Table 1. Effect of subclinical mastitis on milk yield and composition 
parameters (n =140).
EC: Electrical conductivity; SEM: standard error of mean. Means in the same 
row are significantly different (p < 0.05).
Healthy (64)
pH EC Protein Fat Lactose Ash
Milk yield - 0.200 - 0.173 - 0.108 - 0.075 - 0.139 - 0.205
pH - 0.147 0.032 0.147 - 0.067 - 0.011
EC - 0.084 - 0.176 0.275* 0.227




pH EC Protein Fat Lactose Ash
Milk yield 0.188 0.070   0.006 - 0.035 0.035 0.068
pH - 0.049 - 0.077 - 0.061 0.044 0.005
EC - 0.020 - 0.126 0.162 0.295**
Protein 0.807** 0.343** 0.390**
Fat 0.348** 0.299**
Lactose 0.603**
Table 2. Relationship between the different studied parameters (n =140).
*: p < 0.05. **: p < 0.01. All Pearson correlation coefficients are significant at P < 0.05.
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= 0.390; p < 0.01) in the infected samples. Moreover, a 
medium significant positive correlation was found in the 
samples with subclinical mastitis between fat and lactose 
(r = 0.348; p < 0.01) and between fat and ash (r = 0.299; p 
< 0.01). Likewise, lactose was positively correlated with 
ash in the healthy samples (r = 0.701; p < 0.01) and in the 
infected samples (r = 0.603; p < 0.01). Similarly, the electri-
cal conductivity showed significant positive correlations 
with lactose (r = 0.275; p < 0.05) in the uninfected milk 
samples and with ash (r = 0.295; p < 0.01) in the infected 
ones. Furthermore, in the healthy samples the milk yield 
was negatively correlated with all studied parameters; 
however, these relationships were not significant (p > 
0.05). Conversely, in the samples with subclinical mas-
titis the milk yield was negatively correlated with fat (r 
= - 0.035; p > 0.05) only.
Discussion
Unlike clinical mastitis, which is responsible for high 
economic losses but easier to eliminate, subclinical mastitis 
is quite problematic because of its chronicity and relative 
incurability in dairy herds. Moreover, microbial infections 
alter the milk composition and render milk less suitable 
for consumption and processing. 
In the present investigation, subclinical mastitis had 
a significant negative effect on milk yield. Such findings 
concur with previous reports in dairy cows (Tesfaye et 
al. 2010; Gonçalves et al. 2018), dairy goats (Pleguezuelos 
et al. 2015; Gelasakis et al. 2016; Hanuš et al. 2017), and 
dairy sheep (Marti De Olives et al. 2013). In these studies, 
a significantly lower milk yield was reported in mastitic 
animals than in non-mastitic animals. Nevertheless, no 
reports are available about the changes in the milk yield 
of mastitic she-camels. The decrease in the milk yield 
is attributed to the fact that mastitis is associated with 
mammary tissue damage, which reduces the number and 
activity of epithelial cells and consequently contributes to 
the decreased milk production (Zhao and Lacasse 2008). 
The milk pH in our study was not affected by sub-
clinical mastitis; this result differs from that of Ali et 
al. (2016), who mentioned that the pH of infected milk 
significantly increases in relation to the severity of the 
CMT reaction. According to Hadef et al. (2016), deter-
mining the pH of camel milk is not a suitable method for 
detecting subclinical mastitis in camels. The pH of milk 
may depend on other factors such as milk yield, lactation 
stage, milk composition, and the nature of fodder. In ad-
dition, the insignificant change in pH might also be due 
to the increased levels of citrates and bicarbonates during 
subclinical mastitis (Ogola et al. 2007). 
Similarly, the electrical conductivity of the milk sam-
ples did not differ significantly between healthy and 
infected milk in our study. This observation is in agree-
ment with the findings of Eberlein (2007), who suggested 
that the electrical conductivity values in his study seem to 
be correlated in some camels with a positive CMT reac-
tion but show no correlation to CMT and total bacterial 
counts or pathogenic bacteria in other camels or in the 
same camels on other days. Furthermore, several studies 
have demonstrated that electrical conductivity was not 
considered adequate as a method of diagnosing mastitis 
in camels (Younan et al. 2001; Bhatt et al. 2004; Eberlein 
2007; Hadef et al. 2016). Contrary to the results of this 
study, Ali et al. (2016) found that the electrical conductiv-
ity of mastitic milk was significantly higher than that of 
milk obtained from healthy animals; they attributed their 
finding to the increased milk somatic cells. Moreover, 
the augmentation of electrical conductivity is due to the 
increased leakage of various ions and salts as a result of 
the increased permeability of vascular membranes fol-
lowing inflammatory reactions. 
These contradictory results regarding the variation of 
electrical conductivity in relation to subclinical mastitis 
may be caused by breed differences, feeding, stage of 
lactation, parity number, and season. Furthermore, cell 
membrane permeability is altered during mastitis, which 
leads to the increased leakage of blood components into 
the udder and changes the milk composition (Sharif and 
Muhammad 2008). 
In this study, the protein concentration decreased in 
the milk of she-camels affected with subclinical mastitis. 
Similarly, Eman Fathi et al. (2012) and Ali et al. (2016) 
reported that healthy she-camels produce milk with a 
higher protein percentage relative to mastitic camels (3.87 
vs. 2.90%, respectively). The change in protein may be 
explained by epithelial cell damage (decrease in synthesis) 
and an increase in vascular permeability with the pas-
sage of immunoglobulins, serum protein, and enzymes 
from the blood, which may lead to increased proteolysis 
(Forsbäck et al. 2010). Moreover, subclinical mastitis was 
associated with a decrease in milk fat percentage. These 
results are in agreement with other studies (Eman Fathi 
et al. 2012; Ali et al. 2016). The decrease in fat percentage 
seems to be a result of a decrease in the synthesis and 
secretion activities of mammary glands (Le Maréchale 
al. 2011). It is also important to note that variations in the 
fat percentage can be affected by the stage of lactation 
(Abdalla et al. 2015; Hadef et al. 2018), genetics, manage-
ment, season (Shuiep et al. 2008), and geographic location 
(Konuspayeva et al. 2009). 
Data in the literature regarding the effect of subclinical 
mastitis on the total concentration of milk protein and fat 
in other animal species (cows, goats, and sheep) are very 
conflicting. Some authors sustain that there is a decrease 
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of these parameters in mastitis cases (Yarabbi et al. 2014; 
Barrón-Bravo et al. 2013; Bianchi et al. 2004), whereas 
others report an increase of these parameters (Guariglia 
et al. 2015; Pleguezuelos et al. 2015; Olechnowicz et al. 
2010). By contrast, other studies have reported that sub-
clinical mastitis has no significant influence on protein 
and fat contents in milk (Hachana et al. 2018; Ying et al. 
2002; Summer et al. 2012).
The current study showed that there is an inverse 
but non-significant relationship between the values of 
lactose and subclinical mastitis (p > 0.05). Our result is 
consistent with previous reports on camel milk (Eman 
Fathi et al. 2012). Moreover, Ali et al. (2016) agree that 
there is a reduction in the concentration of lactose in milk 
obtained from animals with subclinical mastitis; however, 
their results were significant. According to Leitner et al. 
(2011), the lactose concentration in milk closely reflects 
both the reduction in milk yield and the deterioration 
of milk’s ability to curdle. Furthermore, the decrease in 
lactose content can be explained by a decreased capacity 
for synthesis of the disaccharide by the mammary gland 
or an increase in the NaCl concentration in the milk, 
resulting in osmotic disruption in the gland and sugar 
deprivation by bacteria (Rysanek and Babak 2005). 
In addition, according to the literature, factors other 
than mastitis can also influence the milk lactose content. 
In the same context, Aljumaah et al. (2012) found that 
the lactose percentage in camel milk is significantly 
influenced by the management system, breed parity, and 
stage of lactation. The present results indicate that the 
concentrations of ash obtained from infected and healthy 
she-camels were not significantly different (p > 0.05). 
This finding is in agreement with the results reported 
by Alemu et al. (2013) who indicated that there was no 
significant difference in the concentrations of ash in 
cattle. This finding can be attributed to the relationship 
between the ash content and the electrical conductivity, 
which are intimately linked. Consequently, these two 
parameters did not display significant variation in our 
study (Kaikci et al. 2012).
The significant positive correlation observed in the 
present study in the uninfected and infected milk samples 
between protein and fat contents agreed with the results 
of previous studies (Musaad et al. 2013; Elobied et al. 2015; 
Nagy et al. 2017). Similarly, Konuspayeva et al. (2010) 
sustain that the correlation between protein and fat is 
widely described in other dairy animals. Moreover, the 
significant relationship found in the two groups between 
the other parameters included in this study was in agree-
ment with the results of Musaad et al. (2013) and Elobeid 
et al. (2015), except for the positive significant correlations 
observed between electrical conductivity and lactose in 
the uninfected samples and ash in the infected ones. In 
the same context, Musaad et al. (2013) reported a signifi-
cant negative correlation of electrical conductivity with 
lactose and ash, whereas Elobeid et al. (2015) declared 
that there was no significant correlation between the 
previous parameters. According to Eberlein (2007), the 
relationship observed between electrical conductivity and 
ash in the samples with subclinical mastitis in this study 
can be explained by damage caused to the udder paren-
chyma cell membranes in mastitis cases. The increase of 
the permeability of the barrier between blood and milk 
occurred due to an increase in the contents of chloride 
(Cl-) and sodium (Na+), which leads to a higher electrical 
conductivity of milk. In addition, unlike our study, Nagy 
et al. (2017) found a negative correlation between fat and 
lactose concentrations.
Moreover, the current study revealed that the cor-
relations between the all studied parameters and milk 
yield in the healthy samples were negative, which was 
in agreement with previous reports (Musaad et al. 2013; 
Elobied et al. 2015; Nagy et al. 2017). The observed nega-
tive correlation between milk production and other milk 
components can be attributed to the dilution effect due 
to the changing milk quantity that had been described 
earlier. In contrast, in the infected samples the milk yield 
was negatively correlated only with fat content. This find-
ing can be explained by the significant decrease of the 
quantity of milk produced by the infected animals; thus, 
the dilution effect was attenuated in this case.
In conclusion, this study showed that the subclini-
cal infection of mammary glands had a statistically 
significant negative effect on the milk yield, protein, 
and fat contents in dairy camels. Therefore, monitoring 
changes in these parameters is a suitable method for the 
diagnosis of subclinical mastitis in this species. However, 
no significant influence of subclinical mastitis was found 
on pH, electrical conductivity, lactose, and ash content. 
Therefore, this study indicates that subclinical mastitis 
is a significant cause of deterioration of important milk 
components, which has an economic impact on the pro-
ductivity of this animal species.
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Hedera L. (Araliaceae), with 12 extant species, is a genus 
of evergreen climbers native to Europe, north Africa, 
and south Asia (Vargas et al. 1999; Grivet and Petit 2002; 
Ackerfield and Wen 2003; Valcárcel et al. 2003a; Valcárcel 
and Vargas 2010; Valcárcel et al. 2014) and occupies for-
est under stories and riparian vegetation in temperate 
latitudes throughout Europe, N Africa and Asia (Meusel 
et al. 1965; Mabberley 1997). Hedera is a considerable ele-
ment in Asian and European woodlands, comprising a 
large component of the forest understory.
The taxonomical treatments of Hedera published 
through the second half of the 20th century recognized 
between three and 19 species (Seemann 1868; Tobler 
1912; Lawrence and Schulze 1942; Pojarkova 1951). More 
recently authors have accepted the 12 entities proposed 
by McAllister and Rutherford (McAllister 1982, 1988; 
Rutherford 1984, 1989; McAllister and Rutherford 1990; 
Rutherford et al. 1993) with slight changes at the sub-
species level (Ackerfield and Wen 2002; Valcárcel 2008; 
Valcárcel and Vargas 2010). Since McAllister and Ruth-
erford’s treatment, the identification and delimitation of 
Hedera species have mainly been based on a combination 
of trichome morphology (stellate-multiangulate, stellate-
rotate, and scale like hairs; Seemann 1868; Lum and 
Maze 1989; McAllister and Rutherford 1990; Ackerfield 
and Wen 2002; Valcárcel and Vargas 2010), juvenile leaf 
morphology (from entire to 3–7 lobate; Rutherford et al. 
1993; Ackerfield and Wen 2002; Valcárcel 2008; Valcárcel 
and Vargas 2010), and ploidy level (from 29 to 89; Vargas 
et al. 1999). 
Micromorphological characters are good diagnostic 
value to recognize many taxa, fundamentally in the 
species level. The pollen morphological analysis is suc-
cessfully used as an additional document for delimitation 
of the taxa (Amini et al. 2018; 2019). Van Helvoort and 
Punt (1984) in the Northwest European Pollen Flora 
mentioned that pollen class of Hedera is 3-zonocolporate, 
sub erect to semi-erect with reticulate ornamentation. In 
Scandinavian pollen flora, apocolpium diameter of pol-
len grains is about 10 p. Colpi is narrow; exine thickness 
is about 2.5 p and sometimes distinctly thicker at poles 
(Erdtman et al. 1961).
The anatomical structure of some Hedera species 
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Hedera, with 12 extant species, is a genus of evergreen climbers native 
to Europe, north Africa, and south Asia. In this study, the micromorphological, anatomi-
cal structure and molecular evidences of 11 populations from two species of Hedera (H. 
helix and H. pastuchovii) have been considered to evaluate the relationships in Hedera. 
In total, seven quantitative and qualitative characters of pollen were selected and mea-
sured. Based on this study, the anticlinal wall and surface sculpturing of seed support 
for separation of two species of Hedera. Micromorphology of epidermis illustrated two 
types of epidermal cells: puzzle-shaped and polygonal cells. Using nuclear (nrDNA ITS) 
marker, we reconstructed phylogenetic relationships within two species of Hedera. This 
data set was analyzed by phylogenetic methods including Bayesian inference, maximum 
likelihood, and maximum parsimony. In phylogenetic analyses, all members of two 
species formed a well-supported clade (PP = 1; ML/BS = 100/100) and divided into two 
major clades (A and B). Neighbor Net diagram demonstrated separation of the stud-
ied populations. The results showed that these taxa differ in taxonomically important 
micromorphological, anatomical and molecular characteristics and these data provide 
reliable evidence for separation of these two species.
























show that anatomical features can be valuable in species 
delimitation especially about similar taxa. Taxonomic 
value of epidermis anatomical features is well documented 
in botanical literature (Dilcher 1974; Metcalf 1985). Sa-
vulescu and Luchian (2009) studied the diagnostic value 
of Hedera epidermis and illustrated that epidermis is made 
up of only one cells layer with polygonal cells with thin 
lateral walls and corrugated. 
Molecular data can provide extra criteria for system-
atic classification of the species studied that have been 
only based on the morphological characters (Chase et al. 
1993). Nuclear ribosomal DNA provides highly informa-
tive variation that has been used to infer phylogenetic 
relationships in angiosperms. Its value stems from the 
high rate of divergence at the specific, and sometimes, 
the populational level (Baldwin 1993; Vargas et al. 1998; 
Vargas et al. 1999). The internal transcribed spacer (ITS) 
is the region of the 18S-5.8S-26S nuclear ribosomal 
cistron (Baldwin et al. 1995) and have often been used 
for inferring phylogeny at the generic and infrageneric 
relationships of genera (e.g., Baldwin 1992; Baldwin et al. 
1995; Amini et al. 2018; Nasrollahi et al. 2019). Previous 
molecular and cytogenetic studies identified two main 
centers of diversity for Hedera, the eastern and western 
parts of the Mediterranean region. Molecular phyloge-
netic reconstructions of 37 of the 41 Araliaceae genera 
clearly placed Hedera within the Asian Palmate group 
(Lowry et al. 2001; Wen et al. 2001; Valcárcel et al. 2003; 
Plunkett et al. 2004).
Vargas et al. (1999) applied variation in chromosome 
number and internal transcribed sequences (ITS) of 
nrDNA to infer phylogenetic relationships of a wide range 
of Hedera species. Polyploidy was found to be frequent in 
Hedera, with diploid, tetraploid, hexaploid and octoploid 
populations being detected. Valcárcel and Vargas (2012) 
studied the phylogenetic reconstruction of key traits in 
the evolution of ivies (Hedera L.) and the analyses of the 
nrDNA ITS and plastid trnT-L sequences revealed mul-
tiple connections between the Mediterranean region and 
Asia and suggest recurrent colonization between these 
two areas. Valcárcel et al. (2014) studied the origin of the 
early differentiation of ivies (Hedera) and the radiation of 
the Asian Palmate group (Araliaceae). Genome incongru-
ence and hard nuclear and plastid basal polytomies are 
detected for the Asian Palmate group where the lineage 
of Hedera is placed.
Despite ecological impacts and economic significance 
of Hedera to the horticultural industry, the taxonomy of 
Hedera is controversial and historical relationships are 
poorly defined.
The specific goals of this study were as follows: (1) to 
examine pollen and seed micro-morphological charac-
ters that could be useful for the diagnosis of taxa; (2) to 
determine the patterns of variation in epidermal char-
acteristics in two species; (3) to evaluate the affinities 
and relationships of taxa; (4) to investigate molecular 
properties of Hedera in Iran.
Materials and Methods
Morphological methods
In the present study, 11 populations of two Hedera species 
were collected from different locations in North Iran and 
preserved in the Gonbad Kavous University Herbarium 
(GKUH). Identification of populations was carried out 
based on Flora Iranica (Browicz 1973). The list of voucher 
populations and details of localities are given in Table 1.
Palynological studies on pollens of H. helix L. and H. 
pastuchovii Woron. Ex Grossh was made using a light 
microscope (LM) (Olympus, Vanox AHBS3) with a DP12 
digital camera and a scanning electron microscope (SEM; 
Tescan, Vega-3 LMU). For SEM investigations, the pollen 
grains were transferred directly to double-sided tape 
affixed stubs and were sputter-coated with gold plates. 
The applied terminology based on Punt et al. (2007). 
For LM studies, the samples were acetolyzed following 
Erdtman's technique (Erdtman 1952). The pollen samples 
were obtained mostly from freshly collected herbarium 
populations. The measurements were based on at least 
30 pollen grains per population. The characters of pol-
len grains of the studied Hedera species are summarized 
in Table 2. 
In order to detect significant differences in the studied 
characters among the investigated species, an analysis of 
variance (ANOVA) was done. To determine the species 
relationships, we have used cluster analysis and principal 
component analysis (PCA; Ingrouille 1986). For multivari-
ate analysis, the mean of the quantitative characters was 
calculated. Qualitative characters were coded as binary 
or multistate. Variables were standardized for multivari-
ate statistical analysis. Average taxonomic distances and 
squared Euclidean distances were calculated as dissimi-
larity coefficient in the cluster analysis of pollen data. In 
order to determine the most variable characters among 
the studied species, factor analysis based on principal 
components analysis was performed. SPSS ver. 20 and 
PAST ver. 2.17c (2013) softwares were performed for 
statistical analysis.
Seeds of the two species of Hedera were taken from 
herbarium samples: before mounted directly on aluminum 
stubs using double-sided adhesive, they were examined 
under a stereomicroscope to ensure the normal size and 
development. After having been coated with a thin layer 
(ca. 25 nm) of gold they were analyzed using a SEM (Tes-
can, Vega-3 LMU) at an accelerating voltage of 15-22 kV at 
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Research Institute of Razi (Tehran, Iran). For recording 
gross morphology and size parameters, at least 10 seeds 
were measured.
Anatomical methods
All materials were boiled for 15 min, and then fixed in 
Carnoy solution (alcohols to acetic acid in proportion 3:1). 
The epidermis was separated with H2O2 and acetic acid 
(1:1), in order to prepare the leaves. Materials were kept 
warm in a tube with previous lotions (the above-mentioned 
solutions) for 4 hours, then the leaves were cleaned. After 
cleaning, the materials were washed in distilled water. 
Epidermis separation followed. Epidermal samples were 
stained with 2% aceto-carmine and were mounted on 
microscopic glass slides. Slide sections were studied and 
photographed with the help of an Olympus light micro-
scope by using a Olympus DP12 Digital Camera. Some 
characters (stomata length/weight, number of stomata, 
number of epidermal cells) were measured with Image 
Tools ver. 3.0 and Axio Vision 4.8. (Table 5).
Molecular methods
Taxon sampling
Sampling includes plants from 3 populations of H. helix 
and 8 populations H. pastuchovii were chosen as ingroup 
for nrDNA ITS. Trevesia palmata Vis. and Brassaiopsis 
mitis Clarke were chosen as outgroup following previ-
ous molecular phylogenetic studies (Wen et al. 2001). 
A list of all the taxa used in this study and the sources, 
Taxa Collection data GenBank 
accession no./ITS
H. helix L. Tehran: Research Institute of Forests and Rangelands, Haji Moradkhani, 803298, GKUH LC508655
H. helix Golestan: Gonbad Kavous, Haji Moradkhani, 803297, GKUH LC508656
H. helix Fars: Kamfiruz, Tang-e Bostan, Haji Moradkhani, 803299, GKUH LC508657
H. pastuchovii Woron. Ex Grossh. Golestan: Gorgan, Naharkhoran forest, Haji Moradkhani, 803270, GKUH LC508658
H. pastuchovii Golestan: Gorgan, Ziarat village, Haji Moradkhani, 803273, GKUH LC508659
H. pastuchovii Gilan: Gisum forest, Haji Moradkhani, 803289, GKUH LC508660
H. pastuchovii Gilan: Fuman forest, Mirmahaleh, Haji Moradkhani, 803292, GKUH LC508661
H. pastuchovii Gilan: Somee Sara, Haji Moradkhani, 803290, GKUH LC508662
H. pastuchovii Mazandaran: Nur forest, Haji Moradkhani, 803279, GKUH LC508663
H. pastuchovii Mazandaran: Najardeh, Haji Moradkhani, 803278, GKUH LC508663
H. pastuchovii Mazandaran: Sari, Haji Moradkhani, 803295, GKUH LC508665
Trevesia palmata Vis. GenBank KF591487
Brassaiopsis mitis Clarke GenBank AY304801
Table 1. List of species used in the study along with localities and vouchers.
GKUH: Gonbad Kavous University Herbarium
Taxon Length of polar 
axis (µm ± SD)
Length of equatorial 
axis (µm ± SD)





H. helix 21.55 ± 1.48 18.77 ± 0.43 1.14 Subprolate 18.60 ± 0.12 1.23 ± 0.05 Microperforate
H. helix 21.05 ± 1.17 19.65 ± 0.27 1.07 Subprolate 18.80 ± 0.09 1.14 ± 0.01 Microperforate
H. helix 22.05 ± 1.17 18.65 ± 0.27 1.07 Subprolate 17.80 ± 0.09 1.25 ± 0.01 Microperforate
H. pastuchovii 38.75 ± 2.03 27.37 ± 0.32 1.41 Prolate 24.70 ± 0.15 2.05 ± 0.09 Reticulate
H. pastuchovii 33.65 ± 1.19 24.43 ± 0.35 1.37 Prolate 25.16 ± 0.16 2.74 ± 0.04 Reticulate
H. pastuchovii 36.79 ± 1.18 25.67 ± 0.29 1.43 Prolate 23.96 ± 0.07 2.63 ± 0.01 Reticulate
H. pastuchovii 38.73 ± 1.31 27.35 ± 0.34 1.41 Prolate 24.36 ± 0.21 2.85 ± 0.03 Reticulate
H. pastuchovii 34.65 ± 1.36 22.43 ± 0.31 1.54 Prolate 25.10 ± 0.16 2.70 ± 0.01 Reticulate
H. pastuchovii 36.75 ± 0.41 24.47 ± 0.44 1.50 Prolate 23.98 ± 0.12 2.34 ± 0.07 Reticulate
H. pastuchovii 37.64 ± 0.34 25.35 ± 0.17 1.48 Prolate 25.49 ± 0.28 2.45 ± 0.04 Reticulate
H. pastuchovii 35.44 ± 0.38 23.65 ± 0.28 1.49 Prolate 25.70 ± 0.19 2.78 ± 0.06 Reticulate
Table 2. Pollen morphological characters for the examined taxa of Hedera.
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voucher information and GenBank accession numbers 
are given in Table 1.
DNA extraction, PCR and sequencing
Total genomic DNA was extracted from dried leaf materi-
als deposited in Gonbad Kavous University Herbarium 
(GKUH), using Kit method. The nrDNA ITS (Nuclear 
ribosomal DNA Internal Transcribed Spacer) region was 
amplified using the primers ITS5m of Sang et al. (1995) 
and ITS4 of White et al. (1990). PCR amplification of the 
DNA regions followed procedures described in detail by 
Naderi Safar et al. (2014). The quality of PCR products 
was checked by electrophoresis in 1% agarose gels in 1 × 
TAE (pH 8) buffer and were photographed with an UV 
gel documentation system (UVItec, Cambridge, UK). 
PCR products along with the same primers were sent 
for Sanger sequencing at Macrogen (Seoul, South Korea) 
through Pishgam (Tehran-Iran).
Sequence alignment
Single dataset was aligned using the web-based version of 
MUSCLE (Edgar 2004, at http://www.ebi.ac.uk/Tools/
msa/muscle/) under default parameters followed by 
manual adjustment. The alignment of dataset required 
the introduction of numerous single and multiple-base 
indels (insertions/deletions). Positions of indels were 
treated as missing data for the ITS dataset.
Phylogenetic inferences
Parsimony method
Maximum parsimony (MP) analyses were conducted using 
PAUP* version 4.0a157 (Swofford 2002). The heuristic 
search option was employed for nuclear dataset using 
tree bisection-reconnection (TBR) branch swapping, 
with 1000 replications of random addition sequence 
and an automatic increase in the maximum number of 
trees. Uninformative characters were excluded from the 
analyses. Branch support values (MPBS) were estimated 
using a full heuristic search with 1000 bootstrap replicates 
(Felsenstein 1985) each with simple addition sequence.
Likelihood method
Maximum likelihood (ML) analyses were carried out us-
ing the RAxML-HPC2 on XSEDE (8.2.8) at the CIPRES 
Science Gateway. Bootstrap values (LBS) were calculated 
in RAxML-HPC2 based on 1000 replicates with one 
search replicate per bootstrap replicate.
Bayesian inference
For Bayesian inference (BI) analyses, models of sequence 
evolution were selected using the program MrModelt-
est version 2.3 (Nylander 2004) based on the Akaike 
information criterion (AIC) (Posada and Buckley 2004). 
This program indicated a GTR+G model for nrDNA ITS. 
BI analyses were performed using MrBayes version 3.2 
(Ronquist et al. 2012) on the CIPRES Science Gateway 
(Cyber infrastructure for Phylogenetic Research cluster) 
(Miller et al. 2010, https://www.phylo.org) for the dataset. 
Bayesian analyses were performed, with default priors 
(uniform priors) and the best-fit model of sequence evolu-
tion for dataset, with two runs of ten million generations 
and four simultaneous chains (one cold and three heated 
with a heating parameter of 0.2), by saving trees every 
100 generations. The trees sampled after discarding 25% 
as “burn-in” were collected to build a 50% majority rule 
consensus phylogram were used to calculate posterior 
probability values (PP). Tree visualization was carried 
out using Tree View version 1.6.6 (Page 2001).
Phylogenetic networks
NeighborNet (NN) a distance-based network construction 
method (Bryant and Moulton 2004) was implemented 
in SplitsTree4, version 4.14.4 (Huson and Bryant 2006) 
based on the uncorrected p-distance between populations 
that was calculated from the ITS sequence data. The ITS 




The pollen grains of the studied species revealed some 
variations and separated two species of Hedera. All paly-
nological structures and measurements for the examined 
species concerning pollen type from polar view, polar (P) 
and equatorial (E) measurements, P/E ratio, colpus length 
and width, pollen shape and exine ornamentation were 
shown in Table 2. Selected SEM micrographs of the pol-
lens and their surfaces are shown in Fig. 1. Generally, type 
of pollen grain aperture is observed tricolporate among 
studied species (Fig. 1). Length of polar and equatorial 
axis were found useful in separating two species. Polar 
axis (P) length of pollen grains ranging from the small-
est size for H. helix (21.05 μm) to the largest size for H. 
pastuchovii (38.75 μm). Equatorial axis (E) length of pollen 
grains ranged from the smallest size in H. helix (18.65 μm) 
to the largest size in H. pastuchovii (27.37 μm). The shape 
classes are based on the ratio between the length of polar 
axis (P) and equatorial diameter (E) (Erdtman 1952). The 
P/E ratio ranged from 1.07 to 1.54, therefore the pollen 
shape is subprolate in H. helix but prolate in H. pastuchovii. 
The ornamentation of tectum is microperforate in H. 
helix (Fig. 1B) and is reticulate in H. pastuchovii (Fig. 1C).
In order to define the diagnostic value of pollen grains 
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in species delimitations in studied Hedera species, cluster 
analysis by Ward’s method was performed on the base of 
seven qualitative and quantitative features (Fig. 2). Ward’s 
dendrogram showed two main clusters (Fig. 2). First clus-
ter composed of populations of H. helix. Second cluster 
composed of two subclusters and contained populations 
of H. pastuchovii. Principal component analysis revealed 
that there were two components providing more than 
76% of total observed variation in studied pollen grains. 
Studying the component loading was evident that shape 
and ornamentation of tectum are most important features 
in the first factor and P/E ratio and length of polar axis 
are most significant in the second factor. PCA confirmed 
the results of cluster analysis by Ward’s method based 
on qualitative and quantitative features of pollen grains 
(Fig. 3).
Seed shape and size
Taxonomic importance of selected seed features in the 
examined taxa are summarized in Table 3. Selected SEM 
micrographs of the seeds and their surfaces are shown in 
Fig. 4. Seed size differs significantly between two species 
of Hedera. Generally, seeds of H. helix are slightly smaller 
than those of H. pastuchovii. The length of the seeds ranged 
from 3.18 mm in H. helix to 5.45 mm in H. pastuchovii 
(column 2 in Table 3), and their width varied from 2.08 
mm in H. helix to 4.87 mm in H. pastuchovii (column 3 in 
Table 3). In general, the seeds shapes have been observed 
Figure 1. Scanning electron micrographs (SEM) of pollen surface in 
H. helix and H. pastuchovii. (A, B) H. helix, (C, D) H. pastuchovii, (E, F) H. 
pastuchovii, and (G, H) H. pastuchovii.
Figure 2. Cluster analysis (Ward’s method) based on pollen features 
of Hedera.
Figure 3. PCA plot of Hedera species based on observed pollen data.
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almond to circular in two species (Figs. 4A and 4G).
Seed Sculpturing
In terms of exomorphology, the surface of the seed in 
H. helix is smooth and the anticlinal walls are shallowly 
undulate (Figs. 4B, 4D and 4F). In H. pastuchovii, the seeds 
have a polygonal surface and the anticlinal walls are ob-
served deeply undulate (Figs. 4H, 4J and 4L).
Epidermal cell description
Epidermal and stomata characters of the leaves, such 
as cell shape, anticlinal wall patterns, stomata index, 
density, size, and types were examined (Table 4). There 
were two types of epidermal cells: puzzle-shaped and 
polygonal cells could be seen, and anticlinal walls have 
been observed the wavy and sinuous shapes. There are 
polygonal cells with wavy anticlinal walls on the ad-
axial leaf side of H. helix (Figs. 5A). Puzzle-shaped cells 
with sinuous cell walls were seen in H. pastuchovii (Figs 5C, 
5E and 5G). Abaxial leaf epidermal cells were irregular, 
with wavy anticlinal walls in H. helix (Fig. 5B). No stomata 
were seen on the adaxial surface of the examined species 
(Figs. 5A and 5C). All studied species had stomata on 
the abaxial leaf surface. All treated populations were 
of the anemocytic stomata type (Figs. 5B and 5D). The 
largest in size stomata were observed in H. pastucho-
vii (Figs. 5F and 5H) and the smallest were observed 
in H. helix (Fig. 5B). The maximum stomatal index and 
density were registered in H. helix (Table 4).
Taxon Length (mm) Width (mm) Length/Width Shape Anticlinal wall Sculpturing
H. helix 3.40 ± 0.01 2.08 ± 0.04 1.63 Almond to Circular Shallowly undulate Smooth
H. helix 3.38 ± 0.04 2.18 ± 0.05 1.55 Almond to Circular Shallowly undulate Smooth
H. helix 3.18 ± 0.02 2.28 ± 0.04 1.39 Almond to Circular Shallowly undulate Smooth
H. pastuchovii 5.15 ± 0.06 4.28 ± 0.04 1.20 Almond to Circular Deeply undulate Polygonal
H. pastuchovii 5.25 ± 0.02 4.47 ± 0.06 1.17 Almond to Circular Deeply undulate Polygonal
H. pastuchovii 5.15 ± 0.03 4.87 ± 0.05 1.05 Almond to Circular Deeply undulate Polygonal
H. pastuchovii 5.30 ± 0.02 4.37 ± 0.06 1.21 Almond to Circular Deeply undulate Polygonal
H. pastuchovii 5.05 ± 0.01 3.67 ± 0.07 1.37 Almond to Circular Deeply undulate Polygonal
H. pastuchovii 5.18 ± 0.04 4.27 ± 0.06 1.21 Almond to Circular Deeply undulate Polygonal
H. pastuchovii 5.20 ± 0.01 4.17 ± 0.06 1.24 Almond to Circular Deeply undulate Polygonal
H. pastuchovii 5.45 ± 0.07 4.16 ± 0.02 1.31 Almond to Circular Deeply undulate Polygonal
Table 3. Some diagnostic seed micromorphological features in species of Hedera.
Adaxial epidermis Abaxial epidermis











H. helix Pol Wa - Irr 7 ± 0.01 191.70 ± 2.3 49.62 × 42.24 Anemocytic 
H. helix Pol Wa - Irr 9 ± 0.04 198.50 ± 4.3 46.31 × 40.43 Anemocytic 
H. helix Pol Wa - Irr 7 ± 0.02 189.32 ± 3.3 52.41 × 46.34 Anemocytic 
H. pastuchovii Puz Sin - Sin 11 ± 0.09 120.25 ± 2.1 71.32 × 66.24 Anemocytic 
H. pastuchovii Puz Sin - Sin 13 ± 0.02 107.18 ± 1.4 62.45 × 53.14 Anemocytic 
H. pastuchovii Puz Sin - Sin 12 ± 0.03 132.23 ± 1.2 61.41 × 54.32 Anemocytic 
H. pastuchovii Puz Sin - Sin 10 ± 0.04 121.16 ± 3.2 72.43 × 65.30 Anemocytic 
H. pastuchovii Puz Sin - Sin 12 ± 0.01 95.19 ± 2.5 65.25 × 51.20 Anemocytic 
H. pastuchovii Puz Sin - Sin 10 ± 0.04 108.14 ± 4.2 60.42 × 52.33 Anemocytic 
H. pastuchovii Puz Sin - Sin 13 ± 0.07 135.28 ± 1.7 73.40 × 62.30 Anemocytic 
H. pastuchovii Puz Sin - Sin 12 ± 0.09 140.19 ± 3.5 65.41 × 55.34 Anemocytic 
H. pastuchovii Puz Sin - Sin 14 ± 0.04 153.14 ± 4.2 72.35 × 66.30 Anemocytic 
H. pastuchovii Puz Sin - Sin 13 ± 0.03 109.24 ± 6.5 66.40 × 58.34 Anemocytic
Table 4. Leaf epidermal anatomical features of Hedera.




Detailed information about alignment characteristics, 
selected model of nucleotide substitution, as well as 
tree statistics from the single analysis of the nrDNA ITS 
region, are summarized in Table 5. The aligned nrDNA 
ITS matrix comprises 602 characters. The maximum 
parsimony, maximum likelihood and Bayesian analy-
ses of the nrDNA ITS produced congruent trees and 
gave similar results. All members of this genus form a well-
supported clade (PP = 1, ML/BS = 100/100) (Fig. 6). The 
Hedera clade is composed of two clades. Clade A includes 
the populations of H. helix (PP = 0.96, ML/BS = 98/100) 
and the clade B (PP = 0.95, ML/BS = 100/100) comprises 
the rest of the species of Hedera (H. pastuchovii) (Fig. 6).
Phylogenetic networks
The NeighborNet diagram (Fig. 7) revealed almost com-
plete separation of the studied populations within the 
network, supporting the phylogenetic results that the 
Hedera is composed of two clades. Populations of H. helix 
(1, 2 and 3) are distinct and stand separately from the other 
Figure 5. Epidermal cells on the adaxial and abaxial side of the 
specimens’ leaves: shape, size, anticlinal wall and stomata under light 
microscopy.(A, B) H. helix, (C, D) H. pastuchovii, (E, F) H. pastuchovii, and 
(G, H) H. pastuchovii.
Figure 4. Scanning electron micrographs (SEM) of seed surface in H. 
helix and H. pastuchovii. For each taxon, the first micrograph shows 
the outline of the seed indicating its general shape, and the second 
micrograph is a close view of the seed surface.(A, B) H. helix, (C, D) H. 
helix, (E, F) H. helix, (G, H) H. pastuchovii, (I, J) H. pastuchovii, and (K, L) 
H. pastuchovii.
Total sample nrDNA ITS
Number of sequences 13
Number of ingroup sequences 11
Alignment length [bp] 602
Number of parsimony- informative characters 56
Number of MPTs 16
Length of MPTs 74
Consistency index (CI) 0.98
Retention index (RI) 0.87
Evolutionary model selected (under AIC) GTR+G
Table 5. Dataset and tree statistics from single analysis of the nuclear 
region.
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populations at a major distance. The groups formed in the 
splits graph are readily correlated to the clades recovered 
in the phylogenies. We use the term “lineage” to refer to 
groups of populations in the NN diagram (Fig. 7), and 
“clade” to refer to groups in the phylogenies (Fig. 6). The 
ITS splits graph revealed two main groups (Fig. 7). One 
of these, lineage ‘‘I’’ correlates to clade ‘‘A’’ in Fig. 6 and 
is composed of populations of H. helix. The later, lineage 
‘‘II’’ that is includes the populations of H. pastuchovii, 
corresponding to clade ‘‘B’’ in Fig. 6. Populations of H. 
pastuchovii (4-11) show a more near genetic affinity and 
are placed close to each other (Fig. 7).
Discussion
Hedera has gained little attention in previous micromor-
phological and phylogenetic studies, hence, this study 
presents the first comprehensive investigation of this 
genus in Iran. Our achievement provides statistical sup-
port for the recognition of two species as well as the two 
major groups traditionally recognized in Hedera based on 
trichomes: the stellate group (H. helix) and the scale-like 
group (H. pastuchovii) in agreement with Valcárcel and 
Vargas (2010). Natural distribution of H. helix is Europe 
and ploidy level and somatic chromosome number of it is 
2n = 2x = 48. Whereas H. pastuchovii distributed mainly 
in Caucasus, Iran and Afghanistan with 2n = 6x = 144 
somatic chromosome number. In general, it can be con-
cluded that, reproductive traits such as pollen and seed 
traits have achieved the end of their evolution and are 
valuable in systematic studies. Pollen grains of H. helix 
are smaller rather than H. pastuchovii. This is consistent 
with their different ploidy level that H. helix is diploid (2n 
= 2x = 48), whereas H. pastuchovii is hexaploid (2n = 6x = 
144) (Valcárcel and Vargas 2010).
In consistence with finding of Savulescu and Luchian 
(2009), our results show that epidermis is made up of 
only one cells layer with polygonal cells with thin lateral 
walls and corrugated. Stomata are present on the lower 
(abaxial) surfaces of leaves only. Locality and habitats 
of the species also significantly affect the stomata den-
sity. Hedera helix occupies forest and open woodlands 
with high humidity. In woodland habitats, it frequently 
forms a dense ground cover occupying large areas and 
made up of many individuals (Metcalfe 1958). So high 
stomata density was observed in H. helix and low density 
in H. pastuchovii. Two species demonstrated an anemo-
cytic type of stomata. Stomata have a significant role as 
valuable differentiating characters at different levels of 
plant ecology, taxonomy and physiology. Furthermore, 
the stomata type, density and structure may affect plant 
physiology, water efficiency and biomass (Luo and Zhou 
2001). Humidity in the forest areas can affect the stomata 
density because the plants do not suffer from drought in 
such areas. Generally, plants have different strategies to 
cope with ecological factors. The findings in the current 
study are in accord with those in other studies relating 
to the stomata and structure (Miller 1983).
Plant molecular studies chiefly advanced in the recent 
years and molecular phylogenetic investigation has dra-
matically alternated our views of organismal relationships 
(Soltis and Soltis 2000). Nuclear molecular technique 
has been successfully used for research of infraspecific 
variations in different genera (Sheidai et al. 2013, 2014). 
Therefore, we decided to use the molecular approach 
for research of infra-specific variations between Hedera 
species. The results of molecular studies based on nuclear 
DNA sequence data are congruent with taxonomy. 
Phylogenetic analyses indicated the monophyly 
of Hedera with strongly support (PP = 1.00, ML/BS = 
100/100) and divided into two major clades. Our result 
is also in concordance with Vargas et al. (1999) and that 
Figure 7. NeighborNet for ITS sequences of Hedera. Two major groups 
were recovered (i.e., lineage I and lineage II).
Figure 6. Consensus tree (50% majority rule) resulting from the Bayes-
ian phylogenetic analysis of the nrDNA ITS dataset. Numbers of the 
branches are posterior probability (PP) from the BI and bootstrap 
support (BS) values from a MP and ML analysis, respectively (values 
<50% were not shown).
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in their analysis H. helix is belonging to diploid clade 
and H. pastuchovii is nested in polyploid clade. Molecular 
study (nrDNA ITS and trnT-L sequences) conducted by 
Valcárcel and Vargas (2012), did not confirm any close 
relationship between H. helix and H. pastuchovii. Thus, it 
is maybe due to variable levels of polyploidy and low gene 
flow between these two species. Even though, we confirm 
the monophyly of the genus Hedera relationships among 
populations of each species in clades A and B, were poorly 
resolved and form a polytomy. NeighborNet analysis of 
data set displayed a clear correlation between genetic 
clusters and geographical groups as natural distribution 
of H. helix is Europe, Whereas H. pastuchovii distributed 
mainly in Asia. Geographical distribution of genetic 
diversity is also consistent with this cytotaxonomic di-
versity pattern as the highest genetic diversity is found 
in the Mediterranean basin while other areas have lower 
levels of genetic diversity (Vargas et al. 1999; Grivet and 
Petit 2002; Ackerfield and Wen 2003; Valcárcel et al. 2003; 
Valcárcel 2008; Green et al. 2011).
In conclusion, present study was carried out to pro-
vide additional evidence for taxonomists. These taxa 
differ in taxonomically important micromorphological 
and molecular characteristics. Generally, statistical and 
bioinformatics tests revealed the great difference between 
two species. In fact, sequence divergence among popu-
lations of each species was generally low, resulting in a 
lack of phylogenetic resolution, so it is necessary to use 
chloroplast markers and some other molecular techniques 
useful at the population level for example AFLP, ISSR, 
microsatellites to better resolve the relationships between 
the populations of one species. A number of fast evolving 
genes will be necessary for resurrecting subspecies or 
verities in these two species.
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Sugar beet (Beta vulgaris L., Amaranthaceae) is one of the 
important sugar crops with high yield, high adaptability 
and high biological activity. It is also rich in minerals and 
organic nutrients (Grzegorzewski et al. 2017). Although 
sugar beet is well adapted to a wide range of growing 
conditions and soils, nutritional disorders caused by boron 
deficiency are quite common (Dordas 2007). Sustainable 
production requires the efficient use of inputs including 
adequate and balanced fertilization of both macro- and 
micro-nutrients (Singh et al. 2017). Deficiency of soil 
nutrients such as nitrogen (N), phosphorus (P), potas-
sium (K), zinc (Zn) and boron (B) should be added to 
the rhizosphere according to plant needs and has been 
known as the major limitations in beet crop production 
(Abidow 2012). Boron is unique among the essential 
mineral micronutrients because of normal presence in 
soil solution as a non-ionized molecule over the vast pH 
range (Hirparan et al. 2018). It is also essential for plant 
in development and growth (Abido 2012) through the cell 
wall structure, membrane integrity and function (Nyo-
mora et al. 2019), sugar translocation from source to sink 
(Rawashdeh and Sala 2013) physiological functions such 
as carbohydrates metabolism, indole acetic acid metabo-
lism, formation amino acid (Singh et al. 2017), nitrogen 
fixation (Rawashdeh and Sala 2013) and photosynthetic 
pigments (Abd El-hady 2017).
Deficiency of boron causes reduction in photosynthesis 
due to disturbs the activities of proton pumping ATPase 
and electron transport chain (Nadeem et al. 2019; Rehman 
et al. 2018), inhibition of leaf expansion, inhibitions root 
elongation through limiting mitosis and cell enlargement 
and division (Gemici et al. 2003), early enlargement due 
to clear limitation of its phloem mobility and reduced 
growth of new shoots and leaf (Ullah et al. 2013; Ali et 
al. 2015). Without an adequate supply and consumption 
of boron in large quantities, it may lead to marked yield 
reduction and quality loss of sugar production in soil ap-
plication (Abbas et al. 2014; Tlili et al. 2017; Armin and 
Asgharipour 2012). Because boron has been considered 
to have only limited phloem mobility and cannot readily 
be redistributed within the plant (Brown et al. 1999), the 
amount of yield losses directly depends upon the dura-
tion of deficiency and the plant growth stage at which 
it occurs (Ali et al. 2015). Deficiencies of boron result in 
many anatomical, biochemical and physiological changes 
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in plants (Ali et al. 2015). Therefore, the management of 
boron in soil has become a worldwide agricultural problem 
in the recent years (Tlili et al. 2017).
Foliar fertilization has the advantage of low appli-
cation rates, treated rapidly, uniform distribution and 
quick plant responses to applied nutrients (Asad et al. 
2003; Saadati et al. 2013). Moreover, a number of previ-
ous studies have increased the significance of the role of 
foliar boron application in the productivity of crop plants 
(Perica et al. 2001; Dordas 2006; Abido 2012; Kristek et 
al. 2006). Also, to get the desired results, nanomaterial 
can be utilized by foliar application with much-decreased 
concentration (Prasad et al. 2012). After entering the cells 
the nanoparticles transport from one cell to another 
through plasmodesmata. The chemical and biological 
activities of most substances increase at the nanoscale 
(Dewdar et al. 2018). Root yield, sugar percentage sig-
nificantly increased by increasing boron doses (Abbas 
et al. 2014). Dordas et al. (2006) reported that spraying 
of boron lead to a higher quality of sugar and root yield 
compared to the time using boric acid mixed with soil. 
El-Geddawy and Makhlouf (2015) found that there was 
a significant positive increase in root diameter and root 
length of sugar beet due to the gradual increase in the 
spraying concentration of boron from 105 to 210 ppm. 
Armin and Asgharipour (2012) reported that the maxi-
mum root yield and sugar percentage was achieved by 
foliar application of 12% boric acid. Abd El-hady (2017) 
reported that root and sugar yields were increased by 
19.4% and 39.5% compared with control treatment.
A better understanding of the physiological basis of 
the response of sugar beet may help in programs aiming 
to evaluate yield. Therefore, this work aimed to evaluate 
the effects of different amounts and time of nano-boron 
oxide spraying on the quantitative and qualitative aspects 
of sugar beet. 
Materials and Methods
Site and experimentation
All experiments were conducted during 2011-2012 crop-
ping seasons in North-Western Iran Iran, i.e. Naghadeh 
(27°45' N latitude and 22°37' E longitude; Alt 1300 m) and 
were situated in the wet zone with moderate winter and 
hot summer. The experimental design was randomized 
factorial experiment based on a randomized complete 
block design with three replications. The soil type was 
silty loam and possessed around 7.95 pH, EC about 2.3 
dS m-1, total organic C = 1.20% and Zn = 32 mg kg-1. The 
experimental soil was fertilized with 250 kg N ha-1 in the 
form of urea (was applied as ½ at sowing, ½ at 6-8 leaf), 
250 kg P ha-1 in the form of triple superphosphate, and 
100 kg K ha-1 in the potassium nitrate at planting time. 
Experiment factors were the amount of nano-boron 
(Nano-B) oxide concentration (0, 2, 3 and 4 g L-1 of nano 
chelate powder, with 99.5% of purity and 80 nm particle 
size, obtained from Khazra Company containing 9% 
chelated boron, absorbable at pH 3-11, and completely 
soluble in water) and spraying time included (20, 40, 60, 
80 and 100 of ground cover by plant canopy). Each plot 
was consisted of 5 rows with 5 m long. The inter row and 
intra-row spacing was 10 and 15 cm, respectively. The 
sugar beet cultivar (Montarosa cv. a commonly grown 
cultivar of sugar beet in Naghdeh area) was sown at the 
depth of 20 cm on May 10.
Measurements of quantity and quality parameters of 
sugar beet
Harvesting was done manually 180 days after sowing 
(DAS). In order to measure the root length (cm), root di-
ameter (cm) and leaf number traits, 10 plants in each plot 
were randomly harvested. Root yield (t ha-1) was obtained 
from plants harvested of 5 m2 in each experimental unit 
and juice quality characteristics were analyzed. The per-
centage of sucrose was determined according to Le-Docte 
(1927). Sodium and potassium (%) were determined by 
using a flame photometer (Model 410 Classic), nitrogen 
was determined according to the semi-micro Kjeldahl 
method (Model NA 1500) (Edwards 2014). Total soluble 
solids (TSS%) was measured in fresh roots using hand 
refractometer (model REF-113ATC). Juice purity% was 
also determined as a ratio between sucrose% and TSS% 
according to Carruthers and Oldfield (1961).
Sugar yield and root quality were calculated via the 
following equations:
SY (t ha-1) = RY (t ha-1) × SC(%)
Where, SY: sugar yield; RY: root yield; SC: sugar content.
MS = 0.12 (K + Na) + 0.24(α-amino-N) + 0.48
Where, MS: molasses sugar (%); K: potassium (mmol/100 
g root), Na: sodium (mmol/100 g root); α-amino-N: alpha-
amino-nitrogen (mmol/100 g root) (Buchholz et al. 1995).
AC: (K + Na)/ N.
Where, AC: alkalinity coefficient.
WSC(%) = SC% – MS%
Where, WSC: white sugar content.
WSY (t ha-1) = RY × WSC %
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Where, WSY: white sugar yield.
TSY (t ha-1) = RY (t ha-1) × [SC (%) - loss of sugar 
productivity (%)]
Where, TSY: technological sugar yield (Buchholz et al. 
1995).
LSP (%) = MS (%) + 0.6 
Where, LSP: loss of sugar productivity (Carruthers et 
al.1961).
Where, SP: sugar productivity.
The leaf length was measured as the distance between 
the beginning of leaf formation on the leaf stem and 
the top of the leaf. The leaf width was measured at its 
widest point with a ruler. Based on measured leaf width 
(W, mm) and leaf length (L, mm) the area of each leaf 
(A, mm²) is calculated using the following relationship 
(Mirschel 2018): 
A= W × L × 0.675
 
The chlorophyll content of leaves was estimated with a 
SPAD-502 (Konica Minolta Sensing, Osaka, Japan) ( Jifon 
et al. 2019). Relative water content was estimated accord-
ing to the method of Tambussi et al. (2005). 
Analysis of variance (ANOVA) and means comparison 
on data was performed using the SAS Statistical Package 
Program. Least Significant Difference (LSD) method was 
used to test the differences between means comparison 
of main effects and interactions. 
Results 
Analysis of variance showed that the significant interac-
tion effect between Nano-B concentration and spraying 
stage on the relative water content (RWC), leaf area, 
root length, root and sugar yield, white and techno-
logical sugar yield, sugar content, white sugar content, 
sugar productivity, loss of sugar productivity, sodium, 
potassium, α-amino-N and molasses sugar. There was 
a significant effect of Nano-B foliar application on the 
alkalinity coefficient (Table 1). SPAD, leaf number, root 
diameter, purity% and TSS% were affected by the Nano-B 
concentration and spraying stage (Table 1).
Chlorophyll index, relative water content, leaf area and 
leaf number
The maximum of SPAD (73.50) and leaf number (52.26) 
was obtained in B3 and B4, respectively (Table 1). Chlo-
rophyll index was increased about by 34.71% in 3 g L-1 
Nano-B (Table 1). The highest content of SPAD and leaf 
number markedly increased from spraying of Nano-B 
at 80 of ground cover as G4 (Table 1). However, the dif-
ference in mention traits was not statistically significant 
in a comparison between G2, G3 and G4. The increasing 
of Nano-B at all growing stages up to 3 g L-1 resulted in 
the highest RWC. The highest and lowest RWC was re-
spectively achieved in B3G2 and B1G5 (Table 2). A gradual 
increase in leaf area as growth stages improved up to G4 
was recorded regardless of boron levels. The application 
of B3G4 caused an increase in leaf area of 60% in com-
parison with B1G4. 
Root length and diameter
It could be noticed that increasing boron rates significantly 
increased root diameter. The plant sprayed with 3 g L-1 
of nano- boric acid revealed the highest root diameter 
(12.70 cm). Data also cleared that the late application of 
boron (G4) recorded the highest value of root diameter 
(12.79 cm). Results showed that, the crops were fertilized 
early or late at different rates of boron, had any consid-
erable differences on root length. Application of 2 g L-1 
at 100% of ground covered (B2G5), produced the highest 
root length (38.16 cm), while the lowest value (25.50 cm) 
was recorded in the B1G1 (Table 2). 
Sugar beet yields
Application of 4 g boron L-1 at the early stage of plant 
(40% ground cover), can significantly increase root yield 
(144.53 t ha-1), sugar yield (28.23 t ha-1), white sugar yield 
(26.19 t ha-1), and technological sugar yield (25.32 t ha-1) 
to the highest amounts. Spraying nano-boric acid at the 
levels of B2, B3 and B4 increased root yield by about 29%, 
48% and 79% at early growth stage (G2), as compared to 
control treatment (B1), respectively. However, Abd El-hady 
(2017) reported that B element (1.0 kg B/ha) was increased 
root and sugar yields by 19.4% and 39.5% compared with 
control treatment.
Quality of sugar beet 
The highest sugar and white sugar content were found 
to be in the B3G2 treatment with average of 19.86% and 
18.39%, respectively. However, their effects were also 
similar to B4G2. Also, the lowest of SC and WSC are related 
to B1G1 treatment with an average of 15.80% and 14.14%, 
respectively (Table 3). Compared to the control, spraying 3 
g L-1 Nano-B at 40% of ground covered improved SC and 
WSC by 12.45% and 15.37%, respectively. Data in Table 1 
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noticeably showed that B4 and B3 treatments recorded the 
highest values of purity percentage by 95.72% and 92.12%, 
respectively. It is worth mentioning that, considerable 
differences in purity% were not significant (Table 1). The 
later application at G5 insignificantly surpassed the earlier 
application at G5 in effecting purity%. Increasing the doses 
of B application from 0 to 4 g L-1 provided the lowest LSP 
and MS 1.79 and 1.19 % with a decrease of 20.44% and 
27.87%, respectively at the 60% of ground covered. 
Root impurities (K, Na and α-amino-N) and AC
The values of impurities differed greatly due to the dif-
ferent treatments of time and boron rates (Table 3). There 
was a negative relationship between impurities and boron 








Root yield Sugar yield WSY TSY
(t ha-1)
B1 = no nano-B as control 54.56b 73.98b 33.73c 49.52c 26.70c 10.73b 88.77d 14.93d 13.39d 12.86d
B2 = 2 g L-1 59.55b 82.07a 41.46b 67.63b 30.53b 11.23b 108.25c 18.92c 17.26c 16.61c
B3 = 3 g L-1 73.50a 84.82a 52.26a 74.55ab 31.00b 11.36b 117.09b 21.73b 20.05b 19.35b
B4 = 4 g L-1 68.35a 83.27a 49.33a 82.85a 34.68a 12.70a 127.65a 24.15a 22.42a 21.65a
LSD (p<0.05) 5.20 4.08 4.96 10.47 2.49 1.24 8.05 1.70 1.60 1.55
Growth stage (G)
G1= 20% of ground cover 58.89b 81.74ab 41.58b 55.65c 28.87cd 10.25c 98.94b 17.28b 15.82b 15.23b
G2 = 40% of ground cover 64.38a 83.48a 44.16ab 69.57abc 27.91d 11.04bc 114.39a 21.36a 19.65a 18.96a
G3 = 60% of ground cover 65.70a 81.59ab 46.16ab 73.80ab 30.26bc 11.26bc 113.007ab 20.69a 19.09a 18.41a
G4 = 80% of ground cover 66.92a 81.68ab 48.08a 80.15a 31.20b 12.79a 115.52a 20.40ab 18.66ab 17.96ab
G5 = 100% of ground cover 64.07ab 76.69b 41b 64.03bc 35.37a 12.18ab 110.35ab 19.94ab 18.19ab 17.53ab
LSD (p<0.05) 5.36 5.53 5.30 14.18 2.10 1.33 14.49 3.33 3.24 3.16
B × G ns ** ns * ** ns ** * ** *
C.V. 10.14 5.18 14.51 14.96 8.28 11.89 7.12 8.31 8.55 8.65
ns: show no significant differences.
* and **: show significant differences at 0.05 and 0.01 probability level, respectively.
RWC: relative water content; WSY: white sugar yield; TSY: technological sugar yield.
Table 1. Effects of nano-boron oxide concentration and spraying time (growth stage) on growth and yield of sugar beet.
Nano-B (B) SC (%) WSC (%) Purity % SP LSP Na K α-amino-N AC MS TSS %
(mmol/100 g root)
B1 = no nano-B as control 16.84b 15.11c 75.92c 0.861d 2.33a 1.20a 6.84a 1.18a 6.99c 1.73a 22.20a
B2 = 2 g L-1 17.50b 15.96b 82.83b 0.877c 2.13b 0.79b 6.27b 0.85b 8.46b 1.53b 21.15b
B3 = 3 g L-1 18.54a 17.11a 92.12a 0.890b 2.03c 0.68b 5.77c 0.74b 8.97b 1.43c 20.18bc
B4 = 4 g L-1 18.90a 17.54a 95.72a 0.896a 1.96d 0.52c 5.61c 0.60c 10.44a 1.36d 19.91c
LSD (p<0.05) 0.69 0.67 4.90 0.005 0.07 0.117 0.45 0.118 1.12 0.07 0.96
Growth stage (G)
G1= 20% of ground cover 17.40b 15.92b 88.42a 0.879b 2.08ab 0.69b 7.07abc 0.77a 9.00a 1.47ab 19.95c
G2 = 40% of ground cover 18.53a 17.009a 88.30a 0.884a 2.12ab 0.70b 6.30ab 0.84a 8.71a 1.52ab 21.09abc
G3 = 60% of ground cover 18.21ab 16.77ab 85.26ab 0.886a 2.044b 0.82a 5.61c 0.80a 8.73a 1.44b 21.43ab
G4 = 80% of ground cover 17.58ab 16.06ab 81.89b 0.878b 2.11ab 0.90a 6.00bc 0.87a 8.44a 1.51ab 21.54a
G5 = 100% of ground cover 18.01 16.41ab 89.38a 0.877b 2.20a 0.87a 6.63a 0.93a 8.70a 1.60a 20.30bc
LSD (p<0.05) 0.99 1.072 4.68 0.0043 0.137 0.094 0.59 0.22 1.65 0.137 1.22
B × G ** * ns * ** ** ** * ns ** ns
C.V. 4.06 4.42 6.54 0.58 2.63 14.23 6.56 16.43 17.11 3.66 5.20
Table 1 (Continued). Effects of nano-boron oxide concentration and spraying time (growth stage) on growth and yield of sugar beet.
ns: show no significant differences.
* and **: show significant differences at 0.05 and 0.01 probability level, respectively.
SC: sugar content; WSC: white sugar content; K: potassium; Na: sodium; α-amino-N: alpha-amino-nitrogen; AC: alkalinity coefficient; TSS: total soluble 
solids; SP: sugar productivity; LSP: loss of sugar productivity MS: molasses sugar.
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foliar application. Data in Table 3 exposed that, increasing 
the boron concentrations from 0 to 4 g L-1 contributed 
the last potassium and α-amino-N content of 4.58 and 
0.45 mmol/100 g root at 60% growth stage. On the other 
hand, without the application of boron (B1) resulted in the 
maximum mean values of K (7.69) and α-amino-N (1.47) 
content at B1G5. The significant lowest sodium content 
0.50 and 0.49 mmol/100 g root related to a reduction in 
impurity 60.37% and 66.66%, at the application of B4G3 
and B4G4, respectively.
Discussion 
Foliar application of Nano-B at 3 g L-1 resulted in a con-
sistent improvement in vegetative growth of sugar beet, 
but on increasing Nano-B concentration up to B4, vegeta-
tive growth decreased compared with B3. In addition, the 
increases of yield-related responses like chlorophylls and 
leaf area (Table 2) of sugar beet at high Nano-B concentra-
tion (B3 and B4) could be reflected upon the increase of 
sugars percentage and reduction of impurities (Table 3), 
so, the optimal leaf area value for root and sugar yields 
was 86.47 cm2 at B4G2. Leaf number and low chlorophyll 
content at high boron concentration are associated with 
toxicity of this element (Armin and Asgharipour 2012). 
Adequate boron supply through foliar application im-
proved the chlorophyll content, leaf number and leaf area 
enabling them to capture more light and produce more 
assimilate for loading to root. Ullah et al. (2013) reported 
that B deficiency causes to reduced growth of new leaf 
and shoot due to clear limitation of boric acid phloem 
mobility. Such enhancement effect of B could be related 
to the favorable influence of them on photosynthetic pig-
ments (Wanas 2002; Abd El-hady et al. 2017), metabolism, 
enzyme activity (El-Sherbeny et al. 2007), photosynthesis 
efficiency (Abou El-Yazied and Mady 2012) which in turn 
encourage vegetative growth and increasing dry matter 
production. Also, this enhancement could be an indicator 
of expectable high sugar beet yield. Also, Abd El-hady et al. 
(2017) informed that these results might be attributed to 
that B is an essential element for photosynthetic pigments, 
where it increases CO2 fixation, rates of photosynthetic 
O2 evolution and decreases respiration and the activities 
of oxidative pentose phosphate enzymes.
It seems that the increase in root diameter at 3 g L-1 of 




Root yield Sugar yield WSY TSY 
Nano-B Growth stage (t ha-1)
B1
G1 77.34±3.65 52.10±6.53 25.50±2.50 82.87±7.17 13.08±1.055 11.17±0.89 11.21±0.85
G2 79.18±2.06 50.66±2.51 26.66±1.52 80.93±1.88 14.28±0.42 12.90±0.39 12.41±0.39
G3 75.65±2.64 58.61±6.88 25.33±1.52 90.56±9.19 15.06±1.72 13.55±1.54 13.01±1.49
G4 79.16±3.50 57.57±2.97 27.50±2.17 100.88±8.64 16.39±1.17 14.68±1.09 14.08±1.04
G5 58.57±5.09 28.69±1.69 36.16±1.89 88.61±8.10 15.84±1.66 14.13±1.47 13.60±1.42
B2
G1 81.64±3.22 51.49±6.04 31.33±1.25 98.36±6.93 17.43±1.02 15.99±0.96 15.40±0.92
G2 82.22±3.87 66.32±10.35 27.50±2.00 112.21±5.77 19.13±0.73 17.46±0.67 16.79±0.65
G3 82.33±1.86 74.23±15 34.56±3.84 106.85±10.80 19.51±1.46 17.91±1.36 17.26±1.30
G4 81.25±1.16 84.36±5.99 34.83±2.84 115.25±10.36 19.68±2.05 17.87±1.99 17.18±1.93
G5 82.93±2.44 61.78±17.16 38.16±2.25 108.61±7.77 18.87±2.30 17.09±2.10 16.44±2.05
B3
G1 85.23±4.76 53.45±4.49 29.16±1.52 111.17±3.47 19.11±0.85 17.58±0.78 16.92±0.78
G2 88.86±9.10 74.83±9.15 25.66±2.36 119.89±10.14 23.81±2.23 22.05±2.10 21.34±2.05
G3 85.41±1.38 76.06±12.47 33.00±4.35 119.06±13.26 22.97±2.30 21.28±2.19 20.57±2.13
G4 83.56±10.56 92.13±18.71 32.16±2.75 118.42±5.98 21.37±0.59 19.59±0.46 18.88±0.43
G5 83.51±2.20 79.30±15.30 30.83±2.84 116.90±6.79 21.38±1.89 19.74±1.77 19.04±1.73
B4
G1 82.78±2.47 65.57±9.14 29.50±1.32 103.38±7.20 19.49±1.16 18.02±1.10 17.40±1.07
G2 83.66±0.31 86.47±10.87 31.83±1.75 144.53±6.95 28.23±2.026 26.19±2.01 25.32±1.98
G3 82.99±0.46 86.29±8.96 28.16±1.15 135.54±6.011 25.24±2.89 23.62±2.85 22.80±2.82
G4 82.74±1.99 89.36±8.50 30.33±2.75 127.54±2.52 24.14±0.60 22.49±0.56 21.72±0.54
G5 81.74±2.03 86.56±14.19 36.33±4.01 127.28±7.60 23.67±1.56 21.81±1.44 21.04±1.40
LSD0.05 6.94 16.97 4.21 13.01 2.73 2.58 2.52
Table 2. Means comparison the effects of Nano-B concentration and spraying time (growth stage) on RWC, leaf area, root length, root yield, 
sugar yield, WSY and TSY of sugar beet.
B1 indicates no application; B2, B3 and B4 indicate application of 2, 3 and 4 g L-1 of Nano-B, respectively.
G1, G2, G3, G4 and G5 indicate foliar application Nano-B at 20, 40, 60, 80 and 100% of ground cover, respectively.
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Nano-B by means of high leaf number and chlorophyll 
content and efficient assimilates portioning towards 
sink parts. These results could be explained by the role 
of boron in plant metabolism, development and growth 
(Rawashdeh and Sala 2013; Abido 2012), cell wall forma-
tion and meristematic tissue extension and cell elonga-
tion the root (Nalini et al. 2013). Cell enlargement and 
increase in a number of cells contribute to the increase of 
yield can be due to the role of boron in the biosynthesis 
of auxin in the meristematic activity and increase in the 
IAA-oxidase activity. Similar observations were recorded 
by Abdelaal et al. (2015) and Dugger (1973) in sugar beet.
Armin and Asgharipour (2012) stated that the maxi-
mum root yield and sugar percentage was achieved by 
foliar application of 12% boric acid. Considering this, 
Nano-B spraying may be used to enhance root and sugar 
yield, resulting in reduce boron fertilizer. Foliar Nano-B 
application predominantly affects at vegetative growth 
compared with reproductive growth in sugar beet. Results 
in Table 2 exhibited that sugar yield and white sugar yield 
was significantly improved by increasing of B from B1 to 
B4. These results were true in the five growth stages. While 
that sugar content was decreased by B4 when compared 
with B3 treated plants (Table 2), the increase in sugar yield 
accompanying high boron level might have been due to 
the increase in root yield as well as sucrose content. These 
results are in agreement by those of Gezgin et al. (2001). 
It seems that, better translocation of photosynthates 
from high leaf area (Table 2) and higher dry matter ac-
cumulation with high root length led to increasing in 
root yield (Table 2). The increase in tops and roots fresh 
and dry weights, caused by boron application, could be 
attributed to the stimulating effect of boron on the pho-
tosynthesis process in the plants such as translocation 
of sugar and carbohydrates of assimilates from the top 
to root, which leads to increase in root and sugar yield. 
On the other hand, when photosynthetic activity is high, 
any factor that increases the leaf area may have a positive 
effect on WSY. The enhancement of dry matter in sugar 
beet roots may be attributed to the improvement of leaf 
area, leaf number, RWC and chlorophyll content which 
results in improvement of growth-related traits such as 
root length and root diameter, and consequently root yield 
sugar yield (Table 2). Similar results were also observed by 
Abdel-Motagally (2015) and Mohammadian et al. (2014) 
who reported that early beginning of photosynthetic 
Treatment SC (%) WSC (%) SP LSP Na K N MS
Nano-B Growth stage (mmol/100g root)
B1
G1 15.80±0.20 14.14±0.27 0.857±0.006 2.25±0.085 0.94±0.16 6.93±0.71 0.96±0.11 1.65±0.081
G2 17.66±0.83 15.94±0.74 0.868±0.0025 2.32±0.094 0.96±0.27 7.03±0.87 1.17±0.24 1.72±0.096
G3 16.63±0.73 14.97±0.75 0.863±0.0077 2.25±0.058 1.26±0.22 6.33±0.59 1.11±0.19 1.65±0.060
G4 16.26±0.41 14.56±0.37 0.859±0.003 2.29±0.070 1.47±0.101 6.23±0.24 1.22±0.14 1.69±0.067
G5 17.86±0.64 15.94±0.58 0.859±0.002 2.52±0.070 1.37±0.061 7.69±0.79 1.47±0.14 1.92±0.068
B2
G1 17.73±0.30 16.26±0.23 0.883±0.002 2.07±0.072 0.66±0.047 5.84±0.28 0.85±0.21 1.46±0.071
G2 17.06±0.64 15.58±0.65 0.877±0.0049 2.08±0.011 0.76±0.035 5.93±0.13 0.84±0.03 1.48±0.011
G3 18.30±0.79 16.79±0.77 0.885±0.0045 2.10±0.043 0.83±0.100 5.96±0.19 0.86±0.19 1.50±0.045
G4 17.06±0.50 15.49±0.54 0.872±0.0073 2.17±0.081 0.81±0.081 9.56±0.32 0.86±0.14 1.57±0.081
G5 17.33±0.90 15.69±0.83 0.871±0.0034 2.23±0.075 0.91±0.085 7.05±0.52 0.83±0.05 1.63±0.072
B3
G1 17.20±0.80 15.82±0.78 0.885±0.0049 1.97±0.055 0.63±0.062 5.59±0.30 0.60±0.09 1.37±0.057
G2 19.86±0.80 18.39±0.79 0.896±0.0040 2.06±0.025 0.57±0.028 6.30±0.24 0.67±0.07 1.46±0.021
G3 19.33±0.98 17.90±0.98 0.894±0.0061 2.02±0.050 0.69±0.060 5.56±0.27 0.80±0.20 1.42±0.052
G4 18.06±0.50 16.56±0.50 0.883±0.0040 2.10±0.052 0.83±015 5.99±0.36 0.84±0.09 1.50±0.052
G5 18.26±0.57 16.86±0.55 0.890±0.0023 2.00±0.20 0.67±0.105 5.41±0.21 0.78±0.12 1.39±0.019
B4
G1 18.86±0.64 17.44±0.66 0.893±0.0050 2.02±0.034 0.53±0.041 5.92±0.11 0.69±0.10 1.42±0.035
G2 19.53±0.90 18.11±0.91 0.896±0.0050 2.02±0.052 0.52±0.058 5.94±0.48 0.68±0.03 1.41±0.054
G3 18.60±1.56 17.40±1.58 0.903±0.0091 1.79±0.046 0.50±0.073 4.58±0.33 0.45±0.08 1.19±0.047
G4 18.93±0.23 17.63±0.25 0.899±0.0030 1.90±0.043 0.49±0.072 5.23±0.20 0.55±0.18 1.30±0.043
G5 18.60±0.52 17.13±0.55 0.888±0.0047 2.06±0.041 0.54±0.032 6.37±0.03 0.64±0.15 1.46±0.039
LSD0.05 1.207 1.20 0.0085 0.092 0.188 0.66 0.22 0.091
Table 3. Means comparison the effects of Nano-B concentration and spraying time (growth stage) on sugar content, WSC, SP, loss of sugar 
productivity, Na, K, N and MS of sugar beet.
B1 indicates no application; B2, B3 and B4 indicate application of 2, 3 and 4 g L-1 of Nano-B, respectively.
G1, G2, G3, G4 and G5 indicate foliar application Nano-B at 20, 40, 60, 80 and 100% of ground cover, respectively.
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transmission from leaf to root and consequently, it would 
increase WSY at the harvest time. 
The rise of WSC may be due to the increase in sugar 
percentage and the reduction of impurities in terms of 
sodium, potassium and α-amino-N content (Table 3). Fur-
ther, if optimum B is available at the early growth stage, the 
plant continues to partition it in the sink part as have been 
observed in this study. This finding suggested that sugar 
content is the key factor conferring B phloem mobility 
due to the bonding of sugar and boric acid (Liakopoulos 
et al. 2005). The Nano-boron facilitates the transport of 
sugars in the plants because it had a crucial role in the 
biosynthesis of auxin (Dugger 1973; Ullah et al. 2013). 
The high amount of juice purity would be desirable to 
provide sugar content. The important role of the boron 
element on the percentage of purity comes through its 
beneficial effect on the values of sucrose content (Table 
3). Boron dominates in the early-stage, building up the 
highest TSS for the sugar beets (Table 1).
The result showed that, at low concentration of boron, 
a lower percentage of sugar had been achieved. Therefore, 
sugar in the form of molasses in these plants is higher 
in amount than that which has received enough boron 
(Table 3). Reduction of impurities like sodium, potassium 
and α-amino-N content in beet roots cause to decrease 
of sucrose molasses under application of a higher rate 
of boron application. These results are an agreement 
with the finging of Abbas et al. (2014) who reported that 
increasing the concentration of B cause to the reduction 
of sugar molasses. Hellal et al. (2009) showed that juice 
purity, sugar and root yield of sugar beet improved by 
increasing of B spraying which could be related to the 
reduction of sodium and potassium uptake in root juice. 
The reasons for the improvement in sugar beet quality 
could be due to the fact that B plays a role in cell division, 
enhanced enzymatic activity, the membrane integrity, 
calcium uptake and carbohydrate metabolism (Nalini et 
al. 2013; Rawashdeh and Sala 2013). An increased boron 
supply decreases the nitrate levels via inhibiting transcript 
level in the roots and altering the nitrate transporter 
activity, leading to reduced plasma membrane enzymes 
activities (Camacho-Cristobal and Gonzalez-Fontes 2007). 
Evidence proposes that sugar alcohols synthesis and the 
later transport of the B-sugar alcohol compound in the 
phloem to sink tissues is the main factor that confers 
phloem B mobility to a plant species (Brown et al. 1999). 
The least accumulation of sodium at the later application 
(G3 and G4) could be due to the increased of leaf area at 
this time and facilitate the improvement of B absorption. 
Similar results were obtained by Abbas et al. (2014) who 
reported that spraying dates lead to significantly different 
in sodium content. Also, Armin and Asgharipour (2012) 
and Abbas et al. (2014) showed that boron application 
improved juice quality by declining K and Na content. 
Conclusion
Application of Nano-B rates showed a significant increase 
in quantitative and qualitative sugar beet traits under 
study. The highest SPAD and RWC, leaf area and leaf 
number were observed in 3 g L-1 of Nano-B resulted in a 
consistent improvement in vegetative growth of sugar beet 
but with increasing concentration of Nano-B mentioned 
parameters were decreased. The increasing of boron 
fertilizer at all growing stages resulting in the highest 
root yield, sugar content and white sugar content thus led 
to increasing sugar yield, white and technological sugar 
yield. The decrease in sucrose molasses in a high level of 
boron accompanying due to the reduction in impurities 
in terms of sodium, potassium and α-amino-N content in 
sugar beet roots. Therefore, B4G2 treatment (4 g L-1 boron 
at 40% of ground covered) with the highest root and sugar 
yield may be recommended for the cultivation of sugar 
beet in terms of time and fertilizer saving.
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Leaf stripe caused by Pyrenophora graminea Ito & Kurib-
ayashi [anamorph Drechslera graminea (Rabenh. ex. Schlech. 
Shoem)] is a seed-borne disease of barley (Hordeum vulgare 
L.) found worldwide (Mathre 1997). The fungus can infect 
barley plants during seed germination, and hyphae accel-
erate its intercellular growth within the coleorhizae, the 
embryo, the roots and scutellar node, in order to establish 
a full-scale infection in the seedling (Platenkamp 1976; 
Arabi and Jawhar 2005). In susceptible plants, the disease 
causes severe stunting, premature death, and complete 
loss of grain (Çelik et al. 2016). 
The development of resistant cultivars is the most eco-
nomic, reliable and environmentally safe way to control 
leaf stripe (Nielsen 2012; Benkorteby-Lyazidi et al. 2019), 
especially in developing countries where most farmers are 
small to marginal and unable to afford costly fungicides 
and other technologies. In Syria, sources of complete 
resistance to BLS have not been identified, and current 
barley cultivars are only moderately resistant toward 
this disease (Arabi et al. 2004). However, both incidence 
(proportion of diseased plants) and severity (proportion of 
plant surface showing symptoms) are the commonly used 
measures to estimate BLS disease. However, incidence is 
a measure of diseased or not diseased, this makes it easier 
and reproducible to measure than severity. In addition, 
severity is considered to be more important and useful 
measure than incidence for setting the effectiveness of 
disease management planning (Campbell and Madden 
1990). Consequently, a quantitative relationship between 
incidence and severity would greatly facilitate the evalu-
ation of disease intensity when accurate assessments of 
severity are not available or possible (Arabi and Jawhar 
2010; Carisse et al. 2013).
As part of a large breeding program from Syriato 
develop barley varieties with resistance to BLS, hundreds 
of accessions including landraces, advanced breeding 
lines, and elite barley varieties were screened. Here we 
report five crosses of barley cultivars presently grown in 
Europe and West Asia to screen barley breeding lines for 
resistance to BLS disease through incidence and severity 
parameters under Syrian field conditions which is typical 
of Mediterranean environments.
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Barley leaf stripe (BLS) caused by Pyrenophora graminea is an important 
seed-borne disease of barley causing significant yield and quality losses worldwide. The 
development of resistant cultivars has proven difficult, therefore, in this work, BLS-
resistant barley germplasm was developed by crossing six barley cultivars currently 
used in Europe and West Asia. Out of 270 doubled haploid lines derived from these 
crosses, 40 lines were evaluated under field artificial infection conditions using incidence 
(I; proportion of diseased plants) and severity (S; proportion of infected leaf area per 
plant). Disease resistance parameters showed a broad range of variation in mean I and 
S values with a continuum of resistance levels ranging from highly susceptible to highly 
resistant with values being consistently higher in the susceptible ones. However, eight 
promising resistant lines with high yield per plant were identified. Moreover, BLS severity 
increased linearly as incidence increased (r = 0.76, P < 0.001). This work suggests that 
BLS resistance sources identified in this study can be used for further genetic analysis 
and introgression for varietal improvement, and that the positive correlation between 
I and S parameters may be beneficial for many types of studies on this disease.























Materials and Methods 
Plant material 
A total of 40 out of 270 barley double haploid linespro-
duced according to Kasha and Kao (1970) were screened 
under preliminary field experiments based on desir-
able agronomic characteristics and evaluated inthis 
study (Table 1). These lines were produced through five 
resistant-by-susceptible barley crosses made between 
six parents possessing different BLS reactions. Arabi 
Abiad is a Syrian local cultivar, PK130-36 is a Pakistan 
cultivar, Arrivate was received from USA, IC-9 is a new 
cultivar developed at ICARDA (International Center 
for Agricultural Research in Dry Areas), CI5791 is an 
Ethiopian cultivar, and Igri is a German cultivar. Briefly, 
spikes were manually emasculated and pollinated with 
fresh pollen. Pollinated spikes were treated with 2,4-di-
chlorophenoxyacetic acid (2,4-D). Tillers were collected 
from donor plants when most microspores were at mid- to 
late-uninucleate stage of development. Then they were 
placed in Hoagland’s salt solution and stored at 4 °C in the 
dark for 21 days. Anthers were excised and transferred 
to FW culture medium (Arabi et al. 2005). Haploid plants 
were vernalized for 8 weeks. Subsequently, haploids 
were treated with colchicine solution for chromosome 
doubling (Subrahmanyam and Kasha 1975).
Inoculum preparation
The most Syrian virulent isolate Sy3 (Arabi et al. 2004) 
was used in this study. The fungus was grown on potato 
dextrose agar (PDA, DIFCO, Detroit, MI, USA) and 
incubated for 7 days at 20 ± 1 °C in the darkness. Inocu-
lation was carried out using the modified technique of 
Hammouda (1986). Seeds were surface-sterilized in 2% 
sodium hypochlorite for 5 min, dried for 3-4 h, then 
placed on 8-day-old mycelial culture growing on PDA 
medium in Petri dishes and incubated at 6 °C for 14 days 
in the dark. As a control, seeds were incubated on PDA 
medium alone. 
Field trials
Inoculated and un-inoculated seeds of the DH lines and 
parents were planted under field conditions in Syria, at 
a site of 970 m altitude (550 mm rainfall average) in a 
randomized complete block design, with three replicates. 
The location of the experiment was chosen to be favor-
able for the development of BLS disease, since P. graminea 
infects barley in this location annually. Plot area was 1 x 1 
m with a 1 m buffer. Each plot consisted of 5 rows 25 cm 
apart with 50 seeds sown per row. Experimental design, 
cultural practices and mist irrigation were as previously 
described (Arabi et al. 2004). 
BLS assessments
Incidence and severity were estimated visually at several 
systematically selected sampling sites. Incidence (I) was 
recorded as the proportion of diseased plants (number 
of plants with non-zero severity divided by the total 
number of plants sampled). Severity (S) was recorded 
as infected leaf area per plant expressed as a proportion 
of the total area using a scale described by Delogu et al. 
(1989) where;  highly resistant (HR) (0-5% of infected 
plants), resistant (R) (6-11%), moderately resistant (MR) 
(12-26%), susceptible (S) (27-78%) and highly susceptible 
(HS) (79-100% of infected plants).
Yield estimation
Three central rows of each replicate plot were harvested 
at maturity stage to measure grain yield (g/plant).
Statistical analyses 
Data was subjected to analysis of variance using the 
STAT-ITCF statistical programme (2nd version). Differ-
ences between means were evaluated for significance by 
using Newman-Keuls test at 5% probability level (Anony-
mous 1988). For all the experiments data, each pair of I 
and S values from each sampling site was considered an 
observation for data analysis. The data were edited to 
remove observations with no diseased plants (i.e., I = 0 
and S = 0), since the I-S relationship is only defined when 
Cross
Progeny
Highly resistant Resistant Moderately resistant Susceptible Highly susceptible 
Arabi Abiad X IC-9 1 1 7 3 3
PK30-136 X IC-9 0 3 3 8 1
Arrivate X PK30-136 0 0 1 1 1
CI5791 X Igri 0 2 0 2 0
Arabi Abiad X Arrivate  0 1 0 2 0
Total 1 7 11 16 5
Table 1. Parental cross and progeny susceptibility to BLS (Pyrenophora graminea)*
*Based on a scale described by Delogu et al (1989).
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disease is present. The assumption of coincidence of the 
regression lines was tested using the ANCOVA procedure 
implemented in the software package Statistica 6.1. 
Results and Discussion
In this present investigation, six barley parents with dif-
ferent resistance levels to BLS infections were used. As 
shown in Figure 1, the highest mean incidence and severity 
were recorded in parents cvs. Arrivate and Arabi Abiad, 
whereas, the lowest was found in the resistant parents 
cvs. PK30-136 and IC-9. 
Data demonstrated that the distribution of BLS resis-
tance type of the progenies can be observed in transgres-
sive segregation toward greater resistance and suscep-
tibility occurred in each of the crosses (Fig. 2; Table 1). 
However, according to a scale described by Delogu  et al. 
(1989), the reactions of the 40 progeny lines to BLS under 
field tests were classified into five groups; 1 line as highly 
resistant, 7 resistant, 11 moderate, 16 susceptible and 5 
highly susceptible (Table 1). However, significant differ-
ences (P < 0.05) in mean severity values were detected 
among different lines, and a continuum of genotypic 
reactions to the virulent strain SY3 from highly resistant 
to highly susceptible was observed (Table 2). On the other 
hand, significant differences (P < 0.05) in mean yield values 
were found among lines, with values being consistently 
higher in the susceptible ones (Table 2).
The data showed that B08-AS-5 line was highly re-
sistant, and lines (B08-AS-12, 19, 20, 29, 35, 37 and 39) 
were resistant, whereas lines B08-AS 1 and 3 were the 
most susceptible lines (Table 2). The other lines had BLS 
ratings that ranged between moderately resistant and 
susceptible. On the other hand, Figure 3 shows that BLS 
severity increased linearly as incidence increased (r = 
0.76, P < 0.001). 
In this work, barley lines varied greatly in resistance 
to BLS. However, the resistant cultivars to BLS may in 
fact have various resistance response to the spread of the 
fungus within the infected plants hence, for any given 
Figure 1. Frequency of LBS reactions incited on the barley parents 
(Arabi Abiad, Arrivate, CI5791, PK36-130, IC-9 and Igri) under field ar-
tificial conditions. Error bars are representative of the standard error 
(Mean ± SD; n = 3).
Figure 2. Distribution of BLS reactions which were highly resistant 
(HR), resistant (R), moderately resistant (MR), susceptible (S), and 
highly susceptible (HS) from the double haploid (DH) lines in the field 
experiments. Data were obtained from five crosses of barley parent.
Figure 3. Incidence (I; proportion of diseased plants) and severity (S; 
proportion of plants showing disease symptoms) of barley leaf stripe 
under field artificial conditions. Data points shown represent many 
hidden observations.
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incidence value, a wide range of severity values may be 
observed across cultivars. Our findings agree with the 
results of Paul et al. (2005) for fusarium head blight on 
winter wheat.  McRoberts et al. (2003) reported that the 
I–S relationship might be used to draw conclusions about 
the relative rate of disease increase among cultivars with 
different levels of resistance. On the other hand, data 
showed that the average response to BLS disease differed 
with the differences in the susceptibility level of DH 
lines (Table 2). These results in a good agreement with 
those obtained by Delogu et al (1989). However, Table 2 
demonstrated in general that when I and S values were 
high the mean yield per plant was low (lines B08-AS-1, 
3, 26, 33, 36, 38 and 40).  Moreover, DH lines with low 
Cross No. Lines S I Yield (g/plant)
Arabi Abiad X IC-9
1 B08-AS-1 98.33a 100.00a 6.11 e
2 B08-AS-2 13.00h 4.50h 15.58a
3 B08-AS-3 98.33a 100.00a 7.65cd
4 B08-AS-4 15.33g 25.96f 10.13bcd
5 B08-AS-5 4.00h 16.56g 12.98bcd
6 B08-AS-6 16.66g 35.26e 12.09bcd
7 B08-AS-7 26.00f 9.43g 11.9bcd
8 B08-AS-8 61.66d 29.26f 7.40d
9 B08-AS-9 48.66e 64.03c 10.57bcd
10 B08-AS-10 24.00g 46.53d 10.48bcd
11 B08-AS-11 84.50b 55.16d 7.27d
12 B08-AS-12 7.66h 28.66f 10.12bcd
13 B08-AS-13 15.33g 52.90d 10.9bcd
14 B08-AS-14 24.66g 33.30e 10.02bcd
15 B08-AS-15 74.00c 68.83c 9.5bcd
PK30-136 X IC-9
16 B08-AS-16 49.00e 17.63g 9.97bcd
17 B08-AS-17 18.33g 13.20g 10.20bcd
18 B08-AS-18 75.66b 65.90c 9.68bcd
19 B08-AS-19 9.33h 39.46e 10.02bcd
20 B08-AS-20 6.33h 9.50g 16.10a
21 B08-AS-21 41.00e 48.50d 8.93bcd
22 B08-AS-22 55.00d 70.33c 7.50cd
23 B08-AS-23 34.66f 80.73b 8.83bcd
24 B08-AS-24 25.66f 91.83a 8.27bcd
25 B08-AS-25 45.66e 86.03b 8.03bcd
26 B08-AS-26 80.50b 86.66b 8.31bcd
27 B08-AS-27 75.33b 92.13a 8.30bcd
28 B08-AS-28 47.00e 96.00a 7.53cd
29 B08-AS-29 7.66h 23.66f 13.72bcd
30 B08-AS-30 18.33g 42.10e 13.77bcd
Arrivate X PK30-136
31 B08-AS-31 22.66g 20.10f 10.12 bcd
32 B08-AS-32 46.66e 39.83e 10.9bcd
33 B08-AS-33 91.83a 96.60a 6.53 ef
CI7591 X Igri
34 B08-AS-34 50.00e 45.93d 9.17bcd
35 B08-AS-35 10.66h 7.86g 15.78a
36 B08-AS-36 70.20c 75.76b 7.51cd
37 B08-AS-37 10.33h 13.40g 15.12 a
Arabi Abiad X Arrivate 
38 B08-AS-38 72.33c 100.00a 6.60 ef
39 B08-AS-39 11.33h 22.00f 14.89 a
40 B08-AS-40 73.33c 98.33a 6.10 e
Table 2. Mean leaf stripe disease incidence (I) and severity (S) and yield of the barley lines under field conditions.
*Values within a column followed by different letters are significantly different
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disease levels were associated with high yield although 
some of them not the highest yielding. Gaunt and Wright 
(1992) reported that the effect of BLS on grain yield 
may be attributed to reduced area of photosynthetically 
active tissue enhances respiration and transpiration or 
to disturbance in translocation of assimilates to the spike. 
One of the major objectives of the Syrian barley breed-
ing program is to develop high-yielding cultivars with 
resistance to BLS disease through the transfer of genes 
from resistant sources. The population of crosses CI5791/
Igri and PK30-136 /IC-9 will be used for mapping genes 
associated with BLS resistance. Some lines from this 
cross were recovered with a high degree of resistance 
to this disease. These will be tested in further work under 
multilocation trials to test their stability and adaptability. 
Additionally, the data demonstrated that barley lines 
have enough variability for infection response to BLS 
pathogen. Therefore, inclusion of this diverse germ-
plasm in the barley breeding program might increase 
the dominance effect and epistatic variations controlling 
quantitative traits such as BLS resistance (Çetin et al. 
1995; Bayraktar and Akan 2012). These would also lead 
to extend segregation for various traits and in obtain-
ing useful recombinants/transgressive segregants in 
the further generations.  However, crossbreeding with a 
wide range of modern varieties accompanied with selec-
tion under field conditions will lead to an accumulation 
of partial resistances again. As partial resistances have 
a complex biological background, one should concentrate 
on the context in which the disease occurs. Barley plants 
will not be infected, if they survive cold temperatures 
in the juvenile stage (Prasad et al. 1976). The surprising 
high rates of resistances in DH lines derived from Ethiopia 
and Pakistan parents were recorded. This may be since 
in Ethiopia and Pakistan, barley often is cultivated at 
higher elevation, i.e. at cooler temperatures. 
This study showed that the barley breeding lines 
had diversity for infection response to BLS pathogen. Eight 
promising sources of resistance with high yield per plant 
were identified that could be considered as possible donors 
in further barley breeding programs. In addition, a posi-
tive relationship between proportion of diseased plants 
and the proportion of infected leaf area was detected, 
however, characterizing the functional relationship be-
tween I and S is still highly important, since through 
this relationship scientists can identify cultivars with 
large or small severities for a given incidence (McRoberts 
et al. 2003), or through covariance analysis (when there 
are several pairs of I-S points for each cultivar), identify 
cultivars with an unusual I-S relationship compared 
with others.
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A very large number of individuals around the world still 
rely on traditional medicine for the treatment of various 
acute and chronic diseases. Even in countries where the 
modern medicine is very advanced, these herbal extracts, 
syrups, essential oils and other formulations are sold in 
pharmacies and supermarkets. Botanical supplements are 
believed to be safe as there are no or minimal side-effects. 
Moreover, using herbal medicines is advantageous due to 
the occurrence of several biologically active compounds 
which in certain cases may act synergistically to deliver 
an effective curing power that cannot be attained by any 
one component in the natural mixture. On the other 
hand, they could also be harmful because of the possible 
presence of toxic components (Ekor 2014).
The genus Arum, belonging to the Araceae family, 
has a long history of traditional medicinal uses in the 
Middle East, southern Europe and northern Africa. In 
folk medicine, Arum species such as A. dioscorides (Afifi-
Yazar et al. 2011) and A. palaestinum (Afifi-Yazar et al. 
2011; Zaid et al. 2012; Naseef et al. 2017) have been used 
for the treatment of cancer. Cuckoo pint (A. maculatum) 
is a woodland plant that grows in the northern region 
of Iraq where it is commonly known as ‘kardi’. Cuckoo 
pint leaves are the edible parts consumed by the local 
population after removing the toxic constituents by 
cooking. Toxicity of A. maculatum is attributable to the 
presence of toxic volatiles, especially amines, oxalates, 
cyano compounds as well as contents such as alkaloids 
and saponins (Azab 2017).
The raw plant is not edible due to its toxic and al-
lergenic properties. It has been reported to cause ir-
ritation to skin, mouth, tongue, and throat, resulting in 
throat swelling, difficulty in breathing, burning pain, 
and stomach ache (Robertson 2009). However, its thera-
peutic importance for many diseases, including kidney 
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Arum maculatum is traditionally used for the control of many diseases 
and illnesses such as kidney pain, liver injury, hemorrhoids. However, the detailed bio-
medical knowledge about this species is still lacking. This study reports on the bioactive 
components and the possible mechanisms underlying the antioxidant, anti-inflammatory 
and cytotoxic activity of A. maculatum leaf extract. Gas chromatography-mass spectrometry 
(GC-MS) was used for phytochemical analysis. Assay of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide ) (MTT) was used to determine the cytotoxicity in the murine 
cell line L20B upon exposure to different extract concentrations for 24 h. Enzyme-linked 
immunosorbent assay (ELISA) was used to detect pro-inflammatory cytokines and tumor 
necrosis factor-α (TNF-α). GC-MS analysis identified the presence of important phyto-
chemical components, e.g., 9-octadecenoic acid, methyl ester, (E), hexadecanoic acid, 
methyl ester, followed by benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, 
methyl ester (17.74%), heptadecanoic acid, 16-methyl-, methyl ester and dibutyl phthal-
ate. The results indicated a significant dose-dependent decrease in L20B cell growth at a 
dose of 400 μg/ml (IC50) that is associated with a significant 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) scavenging activity. The results suggested that the aqueous extract of A. macu-
latum leaves have potent antioxidant activity and cytotoxicity against L20B cell line with 
























and liver injuries, hemorrhoids and as a pain reliever has 
been reported (Abbasi et al. 2014; Kochmarov et al. 2015). 
Mice orally treated with A. maculatum methanolic extract 
showed different histological and antioxidant activity 
effects in the liver (Kadri et al. 2016). Other studies have 
shown antimicrobial and antifungal activities of this plant 
extract against a wide range of Gram-positive, Gram-
negative bacteria and fungi (Safari et al. 2014; Çolak et 
al. 2009). The pro-inflammatory activity of monocot 
lectin isolated from A. maculatum has been reported to 
increase neutrophil migration (Alencar et al. 2005). The 
antitumor activity of A. palaestinum on different human 
cancer cells has been investigated by Farid et al. (2015), 
where significant anti-proliferative activity was reported. 
TNF-α initiate inflammation, either local or systemic, via 
stimulation of cytokines such as interleukin-1β (IL-1β) 
and IL-6. Other roles are the signal suppression of T-cell 
and the inhibition of antigen production by dendritic cells 
(O’Shea et al. 2002). IL-1β induces both local and systemic 
signs of inflammation. It also promotes the production 
of various enzymes, for example, cyclooxygenase type 
2, adhesion molecules and importantly other cytokines 
and chemokines of pathogenic importance in some dis-
eases (Dinarello et al. 2009). The present study aimed to 
investigate the active compounds in the aqueous extracts 
of A. maculatum leaves as well as their antioxidant, anti-
inflammatory and cytotoxic effects.
Materials and Methods
Chemicals and reagents
Cell culture reagents were purchased from Lonza (Slough, 
Berkshire, UK). Culture plates were obtained from Bec-
ton Dickinson. Roswell Park Memorial Institute (RPMI) 
1640 medium was purchased from Gibco (Paisley, UK). 
All other reagents and chemicals [(4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), Fetal bovine 
serum (FBS) trypsin, DPPH and MTT] were of analytical 
grade and purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Mouse IL-1β and TNF-α were obtained from Pierce 
Endogen (Rockford, IL, USA).
Plant collection and extract preparation
A. maculatum leaves were obtained from a local market 
in the Kurdistan region located north of Iraq and was 
identified by an eminent plant taxonomist at Baghdad 
University. Voucher specimens were deposited at the 
Herbarium of Bakrajo Agricultural Technical Institute 
(Sulaimani Polytechnic University, Kurdistan, Iraq). 
Leaves were air dried at room temperature, and then 
grounded into powder. The aqueous extraction method 
was selected to prepare A. maculatum extract because it is 
a commonly used method in folk medicine. The extract 
was prepared as follows (Taskeen et al. 2009): 50 g of 
powdered dried leaf powder was suspended in 500 ml of 
distilled water in conical flasks and stirred for 6 h using 
a magnetic stirrer. The extracts were filtrated using filter 
paper (Whatman No. 1) and centrifuged at 3000 rpm for 
10 min. The supernatants were then transferred and dried 
under reduced pressure using a rotary evaporator and 
were kept at 4 °C for further analysis and experiments.
GC-MS analysis and identification of phytochemical 
components
The GC-MS analysis of aqueous cuckoo pint (A. macula-
tum; ‘kardi’) extract was performed using a Clarus 500/580 
Perkin Elmer GC (Connecticut, USA), including a AOC-
20i auto-sampler, and equipped with a fused silica capillary 
column Elite-1 (100% methyl polysiloxane; 30 m × 0.25 
mm, 0.25 µm). Helium (99.99%) was used as a carrier gas 
at a constant flow rate of 1 ml/min. 0.5 µl samples were 
injected at a split ratio (1:10). Injector temperature was 
280 °C. Oven temperature was programmed to automati-
cally increase at a rate of 10 °C/min from 110 °C up to 200 
°C, then at 5 °C/min further up to 280 °C (10 min). Mass 
scans were taken at electron energy 70 eV (0.5 sec scan 
interval) and in the range of 40-450 Da; with a total run 
time of 36 min. Analysis of mass spectrum of GC-MS 
was done using the database of the National Institute 
Standard and Technology (NIST). The mass spectrum 
of the unknown components was compared with the 
spectrum of the components stored in the NIST library 
(Nezhadali et al. 2010; Sathyaprabha et al. 2011).
Antioxidant activity measurement
The antioxidant activity was determined using 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) according to Mimica-
Dukic et al. (2003). The DPPH assay has been widely used 
to detect the scavenging activities of plant extracts. The 
principle of the assay is based on reduction of DPPH via 
hydrogen donation from antioxidant by which the color 
change can be spectrophotometrically recorded. Briefly, 
1 ml of the samples was mixed with an equal volume of 
the DPPH solution (60 µM). After 30 min incubation at 
37 °C in darkness, the absorbance was recorded at 517 
nm spectrophotometrically (Perkin-Elmer Lambda 25, 
Germany). L-ascorbic acid was used as a positive control 
and measurements were carried out in triplicate. Inhi-
bition of free radicals by DPPH was calculated by the 
following equation:
DPPH scavenging activity (%) = Ac-As/Ac × 100





The murine cell line L20B was provided by the Center of 
Biotechnology at Al-Nahrain University (Baghdad, Iraq). 
L20B cell line is derived from mouse cells (fibroblasts) and 
has been found to express the human poliovirus recep-
tor (Pipkin et al. 1993). RPMI-1640 medium containing 
10% fetal bovine serum (FBS), 1% antibiotic (containing 
10 000 U/ml penicillin G, 10 mg/ml streptomycin and 
25 µg/ml amphotericin B) was used for cell culture and 
maintenance. Cells were incubated at 37 °C in humidified 
5% CO2 and cultured to 2.5 × 105 cells/ml concentration.
Measurement of cell viability
The colorimetric cell viability MTT assay was carried 
out as described before (Nouri et al. 2015). Cells were 
seeded in 96-well plates at a concentration of 1 × 105 cell/
ml. After 48 h of incubation, 100 μl of plant extracts at 
concentrations of 0.4, 4, 40 and 400 µg/ml were added to 
each well followed by an incubation period of 24 h. After 
the incubation, 10 μl of MTT solution (5 mg/ml) was added 
to each well and the plates were further incubated at 37 
°C for 4 h. Finally, 50 μl of dimethyl sulfoxide (DMSO) 
was added to each well and incubated for 10 min. L20B 
cells cultured in medium without A. maculatum extract 
served as the control. The absorbance was measured at 
620 nm using a microplate reader (VersaMax, Molecular 
Devices, Sunnyvale, CA). Percent of inhibition ratio was 
calculated according to the following formula:
Where GI = growth index and OD = optical density.
Detection of pro-inflammatory cytokines by enzyme-
linked immunosorbent assay (ELISA)
Protein levels of TNF-α and IL-1β in the serum were mea-
sured using an ELISA kit (Pierce Endogen, Rockford, IL, 
USA) according to the manufacturer instructions. Briefly, 
50 µl/well of samples (treated mice with 50 and 100 µg/
ml and control mice which received normal saline solu-
tion of 0.9% NaCl) was added to the anti-mouse TNF-α 
and IL-1β-pre-coated 96-well plates. After washing with 
phosphate buffered saline (PBS, containing 0.05% Triton 
X-100), the detection antibodies (0.5 µg/ml) were dissolved 
in 2% bovine serum albumin (BSA) in PBS and then added 
to the plates before incubation for 4 h at room temperature. 
After washing, 50 µl of conjugate streptavidin-horseradish 
peroxidase (HRP) dissolved in 2% BSA (in PBS) (1:250) 
was added to each well. After washing with the buffer, 
100 µl of chromogenic substrate tetramethylbenzidine 
(TMB) was added to each well before incubation for 15 
min at room temperature to allow color development. 
To stop the reaction, the HRP was denatured by adding 
1 M sulfuric acid (50 µl/well) resulting in a color change 
to yellow. Absorbance was read at 450 nm using a plate 
reader (VersaMax, Molecular Devices, Sunnyvale, CA, 
USA) equipped with SoftMax Pro software version 5.4. 
The cytokine concentrations were determined by com-
parison with the values for standard recombinant human 
cytokines (0-5 ng/ml) and all samples were analyzed in 
triplicate.
Statistical analysis
Statistical analysis was performed using SPSS software 
version 16.0. All results are presented as means ± standard 
error. Significance was calculated using analysis of vari-




GC-MS analysis of the leaf extracts showed the pres-
ence of major components (peak area > 1%). The major 
compounds identified are: 9-octadecenoic acid, meth-
yl ester, (E) (24.76%), hexadecanoic acid, methyl ester 
(22.45%), followed by benzenepropanoic acid, 3,5-bis(1,1-
dimethylethyl)-4-hydroxy-, methyl ester (17.74%). These 
constituents have been investigated for their biological and 
therapeutic properties, including the anti-inflammatory 
(Othman et al. 2015), antioxidant (Pinto et al. 2017), anti-
bacterial and antifungal activities (Agoramoorthy et al. 
2007). Previous investigation has shown that palmitic acid 
induces apoptosis in the human leukemic cell line and 
demonstrated in vivo antitumor activity in mice (Harada 
et al. 2002). Our results are supported by those of a pre-
vious report (Kianinia and Farjam 2018) of the essential 
oil of Iranian A. maculatum extracts, mainly consisting of 
palmitic acid, phytol, methyl 9,12,15-octadecatrienoate 
and methyl linolenate.
Antioxidant activity
The aqueous extract was tested for its antioxidant activ-
ity at concentrations of 100, 150, 200, and 250 µg/ml 
using DPPH. Results showed that the extracts showed a 
significantly higher and concentration-dependent radical 
scavenging activity up to 200 µg/ml, as compared with 
the positive control (L-ascorbic acid). Higher activity (P ≤ 
0.01) was observed at 250 µg/ml while the lowest activity 
was observed at 100 µg/ml (P ≤ 0.05) compared with the 
ascorbic acid control (Fig. 1).
The antioxidant activity of phenols and flavonoids 
has been attributed to their redox activities, allowing 
them to act as reducing agents and free radical scaven-
(OD of control wells - OD of test wells)
OD of control wellsGI% = × 100
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gers. The observed DPPH scavenging activities indicate 
an antioxidant protective role against oxidative stress, 
which is implicated in several diseases. The DPPH assay 
has been widely used to detect the radical scavenging 
activity of extracts of several medicinal plant species, 
including Panax ginseng (Ali et al. 2006), Echinacea pur-
purea (Paek et al. 2009), Withania somnifera (Dewir et al. 
2010) and Albizia odoratissima (Banothu et al. 2017). The 
results reported herein suggest that A. maculatum leaf 
extracts contain hydrogen donating compounds that can 
eliminate free radicals and therefore could explain their 
therapeutic application for different pathological injuries 
caused by oxidation.
Cell viability
Our results showed that treatment with A. maculatum 
extract significantly (P ≤ 0.01) inhibited cell growth as 
compared to control cultures (Fig. 2). The highest inhi-
bition (69% ± 0.024) was recorded at 400 µg/ml and it 
decreased when extract concentration was reduced, reach-
ing only 45% ± 0.020 cell growth inhibition at 0.4 µg/ml. 
Therefore, the suppression of LB20 cell proliferation was 
concentration dependent. These results might be due to 
the presence of flavonoids, glycosides, polyphenols and 
saponins which act as active agents against cell death. It 
has been previously reported that fatty acids may play a 
role in triggering apoptosis associated with trauma in 
the central nervous system (CNS) and peripheral nervous 
system (PNS) (Ulloth et al. 2003). Our results indicated 
that the major compounds present in A. maculatum extract 
are fatty acids, including hexadecanoic acid, palmitic acid 
(a saturated fatty acid), and 9-octadecenoic acid, methyl 
ester, (E) (elaidic acid), an unsaturated fatty acid.
Generally, fatty acids and their methyl ester deriva-
tives are biologically active compounds with antioxidant, 
anticancer and antihistaminic properties (Melariri et al. 
2012). Palmitic acid has been reported earlier as a potential 
anticancer drug (Harada et al. 2002) as significant loss of 
viability of nerve growth factor (NGF)-differentiated PC12 
cells was observed after 24 h treatment with stearic and 
Figure 3. Concentrations of pro-inflammatory cytokines TNF-α and IL-
1β determined by ELISA from mice serum in response to treatment with 
different concentrations of A. maculatum leaf extract. Values presented 
are means ± SE (n = 3). Stars means significantly different at P ≤ 0.01 
(*) as compared to control.
Figure 2. Growth inhibition of L20B cell lines treated with different 
concentrations of A. maculatum leaf extract using MTT assay after 24 
h of treatment. Values presented are means ± SE (n = 3). Stars mean 
significant difference at P ≤ 0.05 (*) and P ≤ 0.01(**), respectively, as 
compared to control.
Figure 1. DPPH free radical scavenging activity of A. maculatum leaf 
extract measured at 517 nm. Values presented are means ± SE (n = 
3). Stars mean significant difference at P ≤ 0.05 (*) and P ≤ 0.01(**), 
respectively, as compared to positive control (L-ascorbic acid).
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palmitic acids. Additionally, a fortified aqueous extract 
of Arum palaestinum contained high levels of isovanillin, 
linolenic acid and β-sitosterol which significantly reduced 
the number of live prostate cancer cells line in a dose-
dependent manner, shifting the percentage of dead cells 
from 30% to 55% at the highest dose (doses of 0.015 to 
6.25 mg/ml) (Cole et al. 2015).
Determination of pro-inflammatory cytokines
ELISA showed that the mean concentrations of the two 
cytokines (IL-1β and TNF-α) were dose-dependent (Fig. 
3). Mice treated with A. maculatum extract at 100 ng/
ml showed significantly (P ≤ 0.05) decreased TNF-α 
cytokine levels, whereas 50 ng/ml caused no significant 
reduction. However, treatment with 50 and 100 ng/ml 
increased IL-1β level in the blood and significantly higher 
cytokine levels (P ≤ 0.05) were observed with 100 ng/ml, 
as compared to controls.
A. maculatum agglutinin reportedly shows both dose-
dependent and independent pro-inflammatory activity, 
inducing neutrophil migration by the resident cells and 
in the presence of macrophages, respectively (Alencar 
et al. 2005). It has been reported that the underlying 
mechanism of the anti-inflammatory and anti-microbial 
activities of flavones are due to their ability to regulate 
the Toll receptor/ NFκB axis which is responsible for the 
expression of mediator inflammation such as TNF-α, IL-
1β and cyclooxygenase-2 ( Jiang et al. 2016). Gupta et al. 
(2010) proposed that the small molecules that suppress 
NF-κB activation might have a prospective therapeutic 
potential by phosphorylation of the NFκB p65 subunit. 
Inhibition of p65 phosphorylation reduces the expression 
of inflammatory cytokines, limiting characteristic cell 
damage of acute inflammation.
Conclusion
Determination of pro-inflammatory cytokines, MTT 
assay and DPPH tests revealed that A. maculatum leaf 
extracts possess anti-inflammatory, cytotoxic and anti-
oxidant activities. Therefore, our findings substantiate 
A. maculatum as a potentially useful herb in alternative 
medicine against some serious human health problems. 
Further research on cytotoxicology is required to guar-
antee herbal drug safety.
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Environmental stresses like biotic and abiotic factors, 
adversely affect the productivity and quality of agricul-
turally important crops. To improve the yield of peanuts, 
pesticides are usually used to protect crops from weeds, 
diseases and pests. Unfortunately, the agricultural prod-
ucts can be contaminated with pesticides by the improper 
and abusive use of them as well as due to the plants’ uptake 
of them from contaminated water and soil. Unlike hydro-
carbons, pesticides are deliberately abused by humans in 
order to increase agricultural yields.
Abiotic stresses are known to cause damage to plants, 
either directly or indirectly through Reactive Oxygen 
Species (ROS) formation ( Jung et al. 2000). Oxidative 
stress, characterized by excess accumulation of ROS, 
could result from various environmental stresses such 
as herbicides (Doulis 1994). The ROS are toxic and may 
result in a series of damages to plant metabolism. It dam-
ages photosynthetic components, inactivates proteins, 
destroys cell membrane structures and lower membrane 
permeability by causing lipid peroxidation (Mittler et al. 
2004). ROS are also sensed by the plant cells and can act 
as a signal molecule that can induce ROS-detoxifying 
responses (Karuppanapandian et al. 2011). Norflurazon is 
a systemic herbicide which penetrates the plant through 
the roots. It is able to remotely reach the sensitive cell 
sites by means of the conducting vessels (Scalla 1991).
Norflurazon is a bleaching herbicide used in many 
research laboratories; the target of norflurazon is the phy-
toene desaturase, a key enzyme of carotenoid biosynthetic 
pathway (Breitenbach et al. 2001). Carotenoid deficiency 
causes oxidative stress due to significant increase of ROS 
content ( Jung et al. 2000). So, carotenoids are not only 
accessory pigments in the photosynthetic apparatus, they 
also act as photoprotective agents by absorbing excess 
energy of triplet excited states of chlorophyll (3Chl) and 
detoxifying of singlet oxygen 1O2 (Vencill 2002). Norflu-
razon also inhibits the unsaturation of chloroplast lipids 
(Abrous-Belbachir et al. 2009).
Plants possess various antioxidants systems to cope 
with the oxidative stress conditions. These include non 
enzymatic antioxidants such as carotenoids, tocopherols, 
ascorbic acid, glutathione, phenolic compounds and anti-
oxidants enzymes such as superoxide dismutases (SOD), 
catalases, and the ascorbate-glutathione cycle enzymes 
(Apel and Hirt 2004). In plants, herbicides can be me-
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Norflurazon 100 µM alone or in combination with α-tocopherol (0.25 
mM) was applied in pre-emergence of peanut seedlings (Arachis hypogaea L.). Norflura-
zon treatment allowed to partially or totally photobleach plants which were noticeably 
smaller than the control. Norflurazon impaired the photosynthetic activity by decreasing 
photosynthetic pigments (carotenoids and chlorophylls) and by reducing quantities of 
soluble sugar. The determination of malondialdehyde (MDA) showed that its content 
was higher in treated plants in relation with enhancement of reactive oxygen species 
by the herbicide and decreased the endogenous α-tocopherol. The addition of exog-
enous α-tocopherol reduced the damage done by the herbicide at the membrane level 
because of the MDA content was less important than in norflurazon treated seedlings. 
Furthermore, the norflurazon decreased the glutathione S-transferase (GST) activity 
in the leaves and the roots of peanut seedlings, while it increased the level of reduced 
glutathione. This activity decreased even more with the application of exogenous 
α-tocopherol in combination with the herbicide. The herbicide alone or in association 
with the antioxidant α-tocopherol increased ascorbic acid content. The supplementation 
of α-tocopherol did not decrease the phytotoxicity of norflurazon although we observed 























tabolized by a sequential action of several enzymes as 
cytochrome P450 (CYP450) and glutathione S-transferases 
(GSTs). Glutathione S-transferases catalyze the conjuga-
tion of reduced glutathione (GSH) with some xenobiotic 
compounds (Higgins and Hayes 2011).
Under the herbicide treatment, plants initiate some 
defensive and protective mechanisms. One of them is 
associated with changes in concentrations of vitamins 
including α-tocopherol and ascorbic acid. Exogenous vita-
mins have been studied in relation to damage generated by 
the herbicides and other forms of environmental stresses. 
Tocopherols are known as tocochromanols, a group of 
lipophilic antioxidants that are exclusively synthesized 
by higher plants. Of the two classes of tocochromanols, 
tocopherols occur more widely in plants and the alpha 
form is typically abundant in the leaves (Szymańska 
and Kruk 2008). α-tocopherol, which is located within 
chloroplast membranes, has gotten the highest antioxi-
dant activity against lipid oxidation (Mène-Saffrané and 
DellaPenna 2010); it can quench oxygen radicals, stabilize 
cell membranes and protect chlorophyll (Hess 1993). 
Tocopherol termination of lipid peroxidation chain is 
where α-tocopherol donates hydrogen to lipid radicals 
and turns it to a hydroperoxide molecule, which is then 
either reduced to an alcohol or further oxidized to other 
compounds (e.g., n-hexanal, jasmonic acid, and traumatic 
acid) depending on the size and nature of the lipid chain. 
The α-tocopherol radical formed after this process 
is either recycled back to α-tocopherol by ascorbate or 
forms other oxidized products (Munné-Bosch 2005). The 
presence of α-tocopherol can affect intracellular signaling 
by directly interacting with components of the signaling 
cascade or indirectly by controlling concentrations of sec-
ondary oxidation products (Sattler et al. 2004). Numerous 
reports are available about attempts that have been made to 
reduce oxidative stress in plants by exogenous application 
of tocopherols (Oertli 1987). Awad et al. (2005) reported 
that, exogenous application of α-tocopherol enhanced 
date palm plantlets’ tolerance to environmental stresses. 
Peanut (Arachis hypogaea L.) is a dicotyledonous plant and 
an oil seed crop widely cultivated in many areas across the 
world. It is grown under different agro-climatic zones of 
tropical and subtropical regions of Asia, Africa, North and 
South America (Bhatnagar-Mathur et al. 2007). Peanut 
is an important source of edible oil, dietary minerals, 
vitamins and proteins. In Algeria, this annual legume is 




romethylphenyl-3-(2H) pyridazinone; San 9789) was used 
as a pre-emergence herbicide. It is commercially named 
Zorial and the recommended use is 2000 g/ha. The con-
centration here (100 μM) is similar, to the recommended 
doses. Vitamin E (α-tocopherol or 5,7,8-trimethyl-tocol) 
was used as exogenous antioxidant. It was purchased from 
(Fluka). The concentration used was 0.25 mM.
Plant growth conditions and treatments
Peanut (A. hypogaea L.) seeds were surface sterilized with 
diluted sodium hypochlorite 12% for 10 min and then 
rinsed thoroughly with water. Seed germination was 
induced by incubation on water-soaked paper at 27 °C for 
3 days. Once germinated, seedlings were transplanted into 
plastic containers containing 160 g of soil. The treatment 
was carried out by watering the seeds sown in pots with 
solutions of norflurazon (100 μM) or in combination with 
α-tocopherol (0.25 mM). Plants were watered once with 
20 ml of norflurazon alone or with norflurazon supple-
mented with α-tocopherol. Controls were irrigated with 
20 ml of water. From the second day, plants (control and 
treated), were grown in a greenhouse and were regularly 
watered with an appropriate volume of water.
Estimation of growth and dry matter mass
The length of aerial parts was measured from the base 
of the stems (crown) to the apical bud for 30 days. Dry 
matter mass was obtained after total desiccation of aerial 
parts at 60 °C.
Measurement of the leaf surface
The leaf surface is calculated as follows: 1 cm2 of a paper 
layer is taken and then weighed using a precision balance 
(0.1 mg). The shape of the leaf is drawn on the same type 
of paper, cut and then weighted. The leaf surface (X) is 
deducted by the following formula: 
Mf: mass of paper cut; Mp: mass of 1 cm2 of the paper 
Photosynthetic pigments content
Total pigments from fresh leaves were extracted in 80% 
(v/v) acetone. Pigments content were determined by 
absorbance spectrophotometry as recommended by Li-
chtenthaler (1987).
Soluble sugars content
Soluble carbohydrates content was determined accord-
ing to the method described by McCready et al. (1950). 
Measurements were performed at 630 nm. Soluble car-







Lipid peroxidation was determined by measuring the 
content of MDA using a TBARS (Thiobarbituric Acid 
Reactive Substances) assay as described by Sinnhuber and 
Yu (1958). The absorbance of the supernatant (TBA-MDA 
complex) was measured at 532 nm. The concentration of 
TBARS was calculated by using tetramethoxy-propane 
as a standard.
Determination of lipid-soluble antioxidant α-tocopherol
α-tocopherol was determined by HPLC, as described 
by Szymańska and Kruk (2008). The chromatographic 
conditions of analysis were as follows: the mobile phase 
was acetonitrile:dichloromethane:methanol (70:20:10, 
v/v/v), flow rate of 1 ml min-1, UV detection at 292 nm, 
C18 reverse-phase column (220 x 4.6 mm). The levels of 
α-tocopherol were calculated using α-tocopherol as a 
standard.
Soluble antioxidants content ascorbate and glutathione
Ascorbate content was determined as described by Hodges 
et al. (1996) by the measure of absorbance at 525 nm. The 
ascorbate concentration was calculated from the standard 
curve using ascorbic acid. The GSH assay was based on 
the colorimetric method of Ellman (1959). Absorbance 
at 412 nm was determined by spectrophotometry. The 
concentrations were deducted from a standard curve 
established with reduced glutathione.
Glutathione S-transferase activity
GST activity was performed according to Habig et al. 
(1974), based on the reaction of conjugation between GSH 
and 1-chloro-2,4-dinitrobenzene (CDNB) in the presence 
of GST. This activity was measured at 340 nm using the 
molar extinction coefficient ε = 9.6 M−1cm−1. Protein 
content was determined by the method of Bradford (1976) 
using bovine serum albumin (BSA) as a protein standard.
Statistical analysis
The results are obtained from three independent experi-
ments. The statistical analysis was carried out by ANOVA 
analysis and Student’s t-test. 
Results
Morphological analysis
Plants growing in norflurazon-polluted soil were depig-
mented. Bleaching symptoms had begun at the base of the 
leaf in treated plantlets and then they spread to the rest of 
the leaf. Soaking peanut with norflurazon associated with 
α-tocopherol did not minimize the bleaching symptoms.
Peanut plant growth on soil soaked with norflurazon or 
norflurazon in combination with α-tocopherol
We measured plant growth over 30 days and compared 
control plants with plants growing in norflurazon-pol-
luted soil (Fig. 1A). Control plants reached an average 
10.65 (± 1.05) cm.
Norflurazon at the concentration of 100 μM had a 
severe effect on plant growth; it induced a decrease in 
size (67%) and dry weight (49%) (Fig. 1A, B) which can be 
due to a probable perturbation in the energetic metabo-
lism. Leaf area in control seedlings was of 22.85 ± 6.36 
cm2, while in norflurazon treated seedlings it decreased 
Figure 1. Effects of norflurazon on peanut growth. C: control; N: 100 µM norflurazon; NE: 100 µM norflurazon + 0.25 mM α-tocopherol. Let-
ters indicate the significant differences between the treatments and the control. a: significant (P < 0.05); b: very significant (P < 0.01); c: highly 
significant (P < 0.001).
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very significantly (52%) compared to the control (Fig. 
1C). Furthermore, the association of norflurazon with 
α-tocopherol, did not ameliorate the growth of peanut 
seedlings.
Content of chlorophyll, carotenoids and soluble sugars 
in plants exposed to norflurazon or norflurazon com-
bined with α-tocopherol
Thirty days after treatment, we quantified photosyn-
thetic pigments. From 2.77 mg g−1 FW of chlorophyll in 
control plants, chlorophyll content was 54 and 64% less 
in plants grown on norflurazon alone or in combination 
with α-tocopherol, respectively (Fig. 2A). Concurrently, 
we found that plants grown in presence of norflurazon 
alone or combined with α-tocopherol accumulated less 
of carotenoids 50% to that of control plants (202.03 and 
172.37 µg g−1 FW compared to 423.57 µg g−1 FW in control 
plants) (Fig. 2B). Figure 2C showed that the soluble sugar 
content in the leaves of control plants was 1.46 ± 0.21 
mg g−1 FW. In the presence of norflurazon, this amount 
significantly reduced to 0.48 ± 0.01 mg g−1 FW. The ap-
plication of α-tocopherol associated with norflurazon 
decreased the level of soluble sugars to 0.25 ± 0.07 mg 
g−1 FW corresponding to relatively 82% of reduction to 
control plants.
Norflurazon induced oxidative damage in lipids
The basal level of MDA which was 0.09 nmol g−1 in control 
seedlings, increased to 55% with 100 μM norflurazon 
treatment; the presence of α-tocopherol lowered the 
magnitude of increasing MDA to 22% (Fig. 3).
Norflurazon modified non enzymatic antioxidant levels
α-tocopherol content in the control plants was 0.34 ± 
0.00 mg g−1 FW, this content decreased in the presence 
of norflurazon treated plants to 0.18 ± 0.08 mg g−1 FW 
corresponding to 47% of reduction; exogenous application 
of α-tocopherol did not change the level of endogenous 
α-tocopherol in the norflurazon treated plants which was 
0.20 ± 0.08 mg g−1 FW (Fig. 4A).
Analysis of ascorbic acid content in leaves of control 
seedlings, revealed an amount of 1.90 μmol g−1 FW of 
this soluble antioxidant, while, norflurazon treatment 
resulted in no significant accumulation of ascorbic acid 
contents compared to controls (Fig. 4B). The presence of 
α-tocopherol associated with norflurazon greatly elevated 
the level of ascorbic acid to >2-fold more (3.81 μmol g−1 
FW) (Fig. 4B). GSH content in leaves (Fig. 4C) increased 
for norflurazon (93%) or norflurazon in association with 
α-tocopherol treatment (18%) comparatively to control 
Figure 2. Effects of norflurazon on the content of total chlorophyll (A), carotenoids (B) and soluble sugar (C) in peanut plants. C: control; N: 100 
µM norflurazon; NE: 100 µM norflurazon + 0.25 mM α-tocopherol. Letters indicate the significant differences between the treatments and the 
control. a: significant (P < 0.05); b: very significant (P < 0.01); c: highly significant (P < 0.001).
Figure 3. Effects of norflurazon on the content of MDA in peanut 





Norflurazon Induced changes in glutathione S-trans-
ferase (GST) activity
GST activity was >4-fold higher in leaves compared to 
roots (0.38 and 0.095 mmol mn−1 mg−1 respectively) (Fig. 
5). In leaves, the herbicide application resulted in decreas-
ing of GST activity which was lowered to 50%. In the 
presence of norflurazon associated with α-tocopherol, the 
GST activity was also reduced by about 57% compared 
to the control (Fig. 5A). In roots, variation of GST activ-
ity followed no significant decrease for the application 
of norflurazon alone. GST activity, however, decreased 
for the application of norflurazon in association with 
α-tocopherol with a 55% lower level than in the control 
(Fig. 5B).
Discussion
Norflurazon is a phytoene desaturase inhibitor which 
catalyzes a rate-limiting step in carotenoid biosynthesis. 
In the present study, symptoms of norflurazon toxicity 
(bleaching of foliage) were apparent after a 100 µM treat-
ment. These symptoms also occurred at 0.25 mM of α-to-
copherol associated with norflurazon. Depigmentation 
or photobleaching was the main morphological symptom 
observed after treatment with some herbicides such as 
e.g., norflurazon, amitrole, and acifluorfen (Scalla 1991).
Our results showed that 100 µM of norflurazon had 
an overall negative effect on peanuts growth. Other 
plant species, such as maize growing in the presence of 
norflurazon, also displayed a growth reduction (DallaVec-
chia et al. 2001). Furthermore, other herbicides such as 
R-40244 (St John 1985), amitrole (DallaVecchia et al. 2001), 
chlortoluron (Song et al. 2007), isoproturon (Nemat Alla 
and Hassan 2014), bentazone (Khan et al. 2004), pendi-
methalin (Wágner and Nádasy 2006), chlorimuron-ethyl 
(Scarponi et al. 1998) showed also a growth-reducing ef-
fects on their studied plants. At the concentration of 100 
μM, norflurazon reduced the content of photosynthetic 
pigments in peanut seedlings. This was in accordance 
with previous findings using substituted pyridazinones 
(Lichtenthaller and Klendgen 1977).
The decrease in carotenoids that we observed was due 
to the inhibition of desaturation of phytoene to phyto-
fluene, which has resulted in phytoene accumulation 
(Linden et al. 1990). Because of carotenoids’ conjugated 
double bonds, they are the most abundant quenchers of 
1O2 in the pigment bed of the photosynthetic apparatus 
(Young 1991), so their absence lead to the formation of 
active oxygen molecules ( Jung et al. 2000). Decrease in 
chlorophylls content observed in depigmented leaves of 
Figure 4. Effects of norflurazon on the content of α-tocopherol (A), ascorbic acid (B) and reduced glutathione (GSH) (C) in peanut plants. C: control; 
N: 100 µM norflurazon; NE: 100 µM norflurazon + 0.25 mM α-tocopherol. Letters indicate the significant differences between the treatments 
and the control. a: significant (P < 0.05); b: very significant (P < 0.01); c: highly significant (P < 0.001).
Figure 5. Effects of norflurazon on the activity of GST in leaves (A) and 
roots (B) on peanut plants. C: control; N: 100 µM norflurazon; NE: 100 
µM norflurazon + 0.25 mM α-tocopherol. Letters indicate the significant 
differences between the treatments and the control. a: significant (P 
< 0.05); b: very significant (P < 0.01); c: highly significant (P < 0.001).
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peanut seedlings was due to photooxidation linked to 
the depletion of carotenoids (Dankov et al. 2009). The 
decrease in chlorophylls was also due to a deficiency in 
their biosynthesis. Oelmuller and Mohr (1986) showed 
that the last step of chlorophyll biosynthesis does not 
take place following the destruction of chloroplastic 
structures by the norflurazon. Interestingly, herbicides 
which primarily inhibit pigment biosynthesis also have 
a growth-reducing effect (DallaVecchia et al. 2001).
In our study, there is a positive correlation between 
decrease of photosynthetic pigments and level of sugar 
content. We can deduce that peanut plants growing in 
norflurazon-contaminated soil are impaired in their 
photosynthesis and display a reduction in growth. Simi-
lar results were obtained in maize treated with atrazine, 
linuron, prometryn, and pyrazon (Osman et al. 1988), 
wheat treated with isoproturon (Bandana, 2002) and in 
Vitis vinifera L. (bine) stressed with flumioxazin.
MDA, a decomposition product of polyunsaturated 
fatty acids hydroperoxides, has been utilized very often 
as a suitable biomarker for lipid peroxidation. The data 
presented here, show that norflurazon lead to MDA ac-
cumulation. Other herbicides as fluazifop-p-butyl lead to 
MDA increase in bristly starbur (Luo et al. 2004). Lipid 
peroxidation can be initiated by ROS. Norflurazon is 
known to induce oxidative stress in treated plants by 
generation of ROS that severely affects cell membranes 
functionality and integrity and can produce irreversible 
damages to the cell function (Yoshimura et al. 2004). On 
the other hand, Abrous-Belbachir et al. (2009) reported 
that norflurazon affects fatty acids (FA) composition of 
soybean seedlings and fatty acid desaturases resulting in 
a decrease in polyunsaturated fatty acids (PUFAs). 
The variability in individual responses to herbicide 
treatment likely results from differences in either the 
absorption/transport of the herbicide or in metaboliz-
ing/detoxification mechanisms, such as those involving 
CYP450 and GST. GST activities from leaves and roots 
decreased in peanut seedlings after a 100 µM norflura-
zon treatment, suggesting an overload of ROS damage. 
The decrease in the activity of GST in seedlings treated 
with norflurazon indicated that a part of this herbicide 
is not conjugated in roots and leaves of the treated plants. 
Coşkun and Zihnioğlu (2002) suggested that the GST 
may not be the only enzyme induced by pesticides. Sev-
eral pesticides can induce in plants differentiation in the 
other enzyme levels, which are effective in the protective 
and tolerant system such as the other glutathione related 
enzymes, and mixed-function oxidases. The conjugation 
of glutathione with 1-chloro-2,4-dinitrobenzene is widely 
used for detecting GST activity, but it may not detect all 
GST isozymes (Timmerman 1989). Ascorbate and gluta-
thione are the two soluble antioxidants that constitute the 
ascorbate-glutathione cycle and are involved in tocopherol 
regeneration from α-tocopheroxyl radicals.
In the present study, we found that the soluble gluta-
thione and ascorbate levels were increased in norflurazon 
treatment alone or combined with α-tocopherol com-
pared to the control plants. Ascorbic acid and reduced 
glutathione are accumulated in many plant species in 
response to abiotic stress such as herbicides and water 
stress (Heber et al. 1996).
Accumulation of glutathione was also observed in 
unchallenged Arabidopsis vte1 mutants (slightly but sig-
nificantly) (Kanwischer et al. 2005) and outdoor grown 
Arabidopsis vte1 and vte4 mutants (Semchuk et al. 2009). 
The increased glutathione level in the norflurazon treated 
peanut plants could be interpreted in such a way that it may 
have triggered alterations in the ROS signaling networks, 
allowing these plants to achieve a new homeostasis to 
cope with the abiotic stress. Glutathione was previously 
proposed as a candidate transmitter of intracellular ROS 
signals (Foyer and Noctor 2011). The increase in ascorbate 
and reduced glutathione in treated peanut seedlings by 
the norflurazon suggests that peanut seedlings have not 
used these antioxidants to attenuate the deleterious ef-
fects of the herbicide.  Ågren (1985) mentioned the effect 
of exogenous application of antioxidant compounds on 
the primary metabolites of various crops. Exogenous 
application of some antioxidants and other substances 
enhanced date palm plantlet tolerance to environmental 
stress (Awad et al. 2005).
The content of α-tocopherol decreased in peanut 
seedlings subjected to norflurazon only or the combina-
tion of norflurazon and α-tocopherol. The functions of 
tocopherols, especially α-tocopherol, are recognized as 
lipid antioxidants with the ability to scavenge and quench 
various ROS and protect PUFAs from lipid peroxida-
tion (Munné-Bosch, 2005). Tocopherol-deficient mutant 
showed an increase in non-enzymatic lipid peroxidation 
products and a range of developmental defects in early 
seedling growth (Sattler et al. 2006).
Differences in tocopherol content may be due to grow-
ing conditions and environmental factors, especially stress 
conditions (Müller 1998). An Arabidopsis double mutant 
lacking both vitamin E and the carotenoid zeaxanthin was 
found to be sensitive to photooxidative stress (Havaux et 
al. 2005), indicating that vitamin E and carotenoids have 
overlapping functions and that the phototolerance of 
tocopherol-deficient single mutants was actually due to 
an increased activity of carotenoids compensating for the 
loss of tocopherols. Carotenoids, tocopherols, ascorbate 
and glutathione are interdependent in the control of ROS 
levels in plants under stress conditions and thus play a 
role in limiting damage due to induced oxidative stress. 
The chemical scavenging of 1O2 by α-tocopherol can 
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lead to a net tocopherol loss, since α-tocopherol quinone 
and other oxidation formed products cannot be recycled 
back to α-tocopherol (Munné-Bosch and Alegre 2002). 
Irreversible degradation of α-tocopherol may also oc-
cur when a-tocopheroxyl radicals, which result from 
the scavenging of lipid peroxyl radical by α-tocopherol, 
are not recycled back by ascorbate. This may occur, for 
example, when ascorbate availability in chloroplasts is 
limited (Munné-Bosch 2005). The changes in α-tocopherol 
level during plant responses to environmental stresses 
are characterized by two phases. In the first phase α-to-
copherol levels will tend to increase and contribute to 
protection by reducing ROS levels and inhibiting lipid 
peroxidation. When the stress is too severe, tocopherol 
degradation exceeds its synthesis and levels decrease 
(phase II) (Munné-Bosch 2005). Peanut seedlings sub-
jected to the norflurazon treatment might be in a severe 
phase of stress.
Conclusion
In conclusion, our results demonstrate in our culture 
conditions, that norflurazon at 100 μM induced a lethal 
physiological state. Both growth and biochemical pa-
rameters are profoundly affected, leading to an adverse 
effect on mechanisms of detoxification. The main effect 
was membrane destruction linked to a lack of carot-
enoids and MDA accumulation. The sharp reduction in 
carotenoids caused by norflurazon gives rise to a damage 
to morphological and biochemical level sometimes not 
reversed by the exogenous application of α-tocopherol.
The addition of the exogenous antioxidant α-tocoph-
erol did not alleviate the phytotoxicity of norflurazon 
although we observed a decrease in MDA content. This 
result indicates that though α-tocopherol may afford a 
certain degree of protection against stress conditions, this 
protection is limited by the amount of other antioxidants 
present in membranes and/or by the ROS. As in the cases of 
the other antioxidants, the level of tocopherol is the result 
of synthesis, recycling and degradation (consumption).
In our conditions, it can be concluded that exogenous 
tocopherol has assumed its role as protectant of lipid 
peroxidation. But it seems that both carotenoids and 
tocopherols are required to overcome the stress which 
explains that the sharp decline in carotenoids by the 
norflurazon has significantly affected the growth and 
physiology of seedlings of peanut despite the presence 
of exogenous α-tocopherol.
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Salvia tomentosa Miller [(S. grandiflora Etling) (incl. S. nu-
sairiensis Post)] is a perennial flowering plant belonging to 
the Lamiaceae family. This species with a common name 
of balsamic sage known as tomentose sage is endemic 
in Lebanon, Syria and Palestine or wholly or partially 
restricted species to East Mediterranean area (Mouterde 
1983; Ramadan-Jaradi and Matar 2012). Its native range 
is South-Eastern Europe to Transcaucasia, including 
Albania, Bulgaria, East Aegean Islands, Greece, Crimea, 
Lebanon-Syria, Transcaucasia, Turkey and former Yu-
goslavia (Govaerts 2003).
It worth to mention that plant population genetic 
structure reflects various interaction processes involving 
various phenomena [long-term evolutionary history of the 
species (shift in distribution, habitat fragmentation, and 
population isolation), mutations, genetic drifts, mating 
system, gene flow, and selection]. Genetic diversity back-
ground of wild resources is considered as backgrounds 
for establishing plant breeding programs: these result 
improvement and sustainable production that accumu-
late various desirable traits together (Liber et al. 2014). 
Phylogeographic survey of S. tomentosa as an endemic 
plant in East Mediterranean area is important for its 
conservation implications.
Various Salvia species have been described as sources 
of extracts and metabolites with wide range of biologi-
cal (e.g., antibacterial, antiviral, antifungal, antioxidant, 
and cytotoxic) activities (Georgiev et al. 2011; Yilar et al. 
2018). Of which, S. tomentosa is displayed antibacterial 
and antioxidant (Hanlidou et al. 2014; Bayan and Genc 
2017) and antifungal (Bayan and Genc 2017; Yilar et al. 
2018) effects. Furthermore, it is used as condiment and 
tea around the world (Georgiev et al. 2011).
Molecular characterization of a given species could 
consider as a potent tool in its conservation and also in 
breeding programs. Previous studies investigated the 
phylogenetic relationships of some Salvia species within 
populations of a given genus. Such examples are when, 
e.g., in S. hispanica L. Random Amplified Polymorphic 
DNA (RAPD) markers (Cahill 2004), in S. lachnostachys 
Inter Simple Sequence Repeat (ISSR) markers (Erbano et 
al. 2015), in S. lutescens var. intermedia nuclear ribosomal 
DNA and plastid DNA sequences (Takano 2017), in S. 
divinorum Chloroplast Simple Sequence Repeats (cpSSR's) 
(Casselman 2016), in S. japonica chloroplast and nuclear 
ribosomal DNA sequences and allozyme polymorphisms 
(Sudarmono and Okada 2008) and in Salvia sp. Directed 
Amplification of Minisatellite Region DNA (DAMD) 
markers (Karaca et al. 2008) have been investigated. 
Several such studies targeted S. miltiorrhiza Bge, e.g., 
RAPD (Guo et al. 2002), Amplified Fragment Length 
Polymorphism (AFLP) (Wen et al. 2007), Sequence-related 
Amplified Polymorphism (SRAP) and ISSR (Song et al. 
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2010), nrDNA Internal Transcribed Spacer (nrDNA ITS) 
sequences (Zhang et al. 2012) and ISSR (Zhang et al. 2013) 
markers have been investigated. Recently, Fabriki-Ourang 
and Yousefi-Azarkhanian (2018) applied Target Region 
Amplification Polymorphism (TRAP) and Conserved 
Region Amplification Polymorphism (CoRAP) markers 
in Salvia sp.
Previously, the Touch-down Directed Amplification 
of Minisatellite DNA Polymerase Chain Reaction (Td-
DAMD-PCR) approach has been successfully employed 
in phylogenetic studies in Salvia species (Ince and Karaca 
2012), in common bean landraces (Ince and Karaca 2011), 
in Allium sp. (Deniz et al. 2013), in carnation cultivars 
(Ince and Karaca 2015) as well as in commercial cotton 
(Gocer and Karaca 2016).
Despite of the importance of S. tomentosa species in 
various pharmaceutical and industrial applications, until 
now limited attention has been paid to its genetic varia-
tion. Thereby, this study has been focused on its genetic 




Leaf samples of S. tomentosa natural population included 
35 samples (29 samples from Lattakia, 4 samples from 
Tartous and 2 samples from Hama); these represented 
different geographical regions in Syria which varied in 
term of altitude and annual rainfall (Table 1). Sample col-
lection has been carried out during blooming stage. Wild 
Stachys nivea L. (Lamiaceae; collected from Damascus) 
was included as a outside reference.
DNA extraction 
Total genomic DNA of was extracted according to CTAB 
(cetyltrimethylammonium bromide) protocol as previously 
reported by Doyle and Doyle (1987). DNA concentration 
was determined by DNA fluorimeter. Extracted DNA was 
kept at -80 °C until further use. 
Td-DAMD-PCR test and data analysis
Sixteen DAMD primers (Table 2) were tested to investigate 
DNA genetic relationships among the studied samples. 
Td-DAMD amplification was performed according to 
Ince and Karaca (2012) in a total volume of 25 μl. PCR 
amplification was carried out in a T-gradient Thermal 
Cycler (Bio-Rad, USA) programmed as following: 1 cycle 
for 4 min at 94 ºC, followed by ten cycles of pre-PCR 
involving of 30 s at 94 °C for denaturation, 45 s at 60 °C 
for annealing, and 3 min at 72 °C for extension. Anneal-
ing temperature was reduced 0.5 °C/cycle for the first 10 
cycles. Then 30 cycles at a constant 55 °C as annealing 
temperature; followed by final extension at 72 °C for 10 
min. Final PCR products were separated on a 2% ethidium 
bromide-stained agarose gel (Bio-Rad) in 0.5× Tris-borate-
EDTA (TBE) buffer. Electrophoresis was carried out at 
85 V for 2.5 h and visualized with a UV transilluminator. 
A VC 100bp Plus DNA Ladder (Vivantis) standard was 
used to estimate molecular weight of Td-DAMD-PCR 
amplification products.
The presence or absence of each band size was manu-
ally scored as 1 or 0, respectively. The Unweighted Pair 







































Damascus SN 970 240
Table 1. Original sites in term of their altitude (m) and annual rainfall 
(mm) in which the S. tomentosa natural population was collected.
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Group Mean Arithmetic average (UPGMA) was con-
structed based on percent disagreement values (PDV) using 
Statistica program (Statistica 2003). Whereas, polymorphic 
information content (PIC) was determined according to 
the following formula:
PIC = 1 ‒ Σ(Pij)2
where Pij is the frequency of the i-th pattern revealed by 
the j-th primer summed across all patterns revealed by 
the primers (Botestein et al. 1980).
Moreover, marker index (MI) was determined as 
reported by Powell et al. (1996) according to the follow-
ing formula:
MI = PIC × ηβ
where PIC is the mean PIC value, η the number of bands, 
and β is the proportion of polymorphic bands.
Results
Td-DAMD amplification using sixteen DAMD primers 
produced 158 total bands of which 131 bands (82.911%) 
were polymorphic (Table 3). PCR products sizes yielded 
by Td-DAMD assay ranged between 150-3000 bp. Td-
DAMD polymorphism profiles yielded by HBVb (a), 
URP17R (b) and HVA (c) DAMD primers for natural S. 
tomentosa population are presented in Fig. 1. Total band 
numbers ranged between 5 (URP2F) and 15 (M13 & HVA) 
bands with an average of 9.875 bands/primer (Table 3). 
The number of polymorphic bands ranged between 4 
(URP6R) and 15 (M13) with an average of 8.188 poly-
morphic bands/primer (Table 3). 
PIC value ranged between 0.093 (URP6R) and 
0.408(URP4R) with a mean average of 0.264. The MI 
value ranged between 0.372 (URP6R) and 4.785 (M13) 
with a mean average of 2.269 (Table 3).
The relatedness degree among natural populations of S. 
tomentosa (Fig. 2) was calculated based on the Unweighted 
Pair Group Mean Arithmetic average (UPGMA) using 
Statistica program and Percent Disagreement Values 
(PDV). For the 35 S. tomentosa samples tested, two main 
clusters were revealed: one cluster involved the 29 S. 
tomentosa samples collected from Lattakia which divided 
further two subclusters. The first subcluster included 6 
samples (L20, L21, L22, L27, L28 and L29); of which L27 
and L28 were close with a PDV value of 0.10. The second 
subcluster was composed of the remaining 23 samples. 
Within Lattakia samples, the highest PDV values (0.37) 
were recorded between L2 and L29, L5 and L29, as well 
as between L6 and L29. The lowest PDV values (0.08) 
were recorded between L4 and L5 and between L6 and 
L7 samples.
The second main cluster was also separated into two 
subclusters, the first of which included Tartous samples 
T30 and T31, while the second one included T32 and T33, 
as well as the samples collected from Hama (H34 and H35).
Overall, the lowest PDV was 0.03 between H34 and 

















Table 2. Selected DAMD primers used in the current study.
Primer name TB PB P% PIC MI
URP1F 13 10 76.923 0.189 1.890
URP2R 11 10 90.909 0.386 3.860
URP4R 6 6 100.000 0.408 2.448
URP9F 7 6 85.714 0.296 1.776
URP38F 10 10 100.000 0.365 3.650
HBV3 7 6 85.714 0.216 1.296
14C2 10 8 80.000 0.197 1.576
6.2H(+) 14 9 64.286 0.225 2.025
M13 9 7 77.778 0.280 1.960
HBVb 10 9 90.000 0.390 3.510
URP2F 5 5 100.000 0.244 1.220
URP6R 8 4 50.000 0.093 0.372
URP17R 10 6 60.000 0.119 0.714
M13 15 15 100.000 0.319 4.785
HVA 15 13 86.667 0.290 3.770
HVV 8 7 87.500 0.207 1.449
Sum 158 131
Average 9.875 8.188 83.468 0.264 2.269
Table 3. Td-DAMD amplified fragments scored in term of Total Bands 
(TB), Polymorphic Bands (PB), Polymorphic % (P%), Polymorphic Infor-
mation Content (PIC) and Marker Index (MI).
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H35, whereas, the highest one was 0.44 between L15 and 
T32 followed by 0.43 between L4 and T30, L2 and T32 
and between L15 and T30. These values were comparable 
with the mean PDV average of 0.25 observed for all tested 
samples. Based on the mean PDV average of 0.25, the cur-
rent study could suggest that the 29 S. tomentosa samples 
collected from Lattakia were genetically distinct from 
the samples collected from Tartous and Hama.
Discussion 
Genetic relationship investigation for 35 S. tomentosa 
samples collected from different regions in Syria has 
been performed using Td-DAMD markers. Td-DAMD 
assay produced 158 total bands (markers) of which 131 
(82.911%) were polymorphic. This was in agreement with 
the results of Guo et al. (2002) who reported P% of 80.44% 
in S. miltiorrhiza Bge using RAPD analysis with 11 primers.
Cahill (2004) reported that DNA genetic diversity in 
S. hispanica L. samples (collected from Mexico) revealed 
by RAPD analysis, was higher among natural samples 
compared to cultivated (domesticated) once. However, 
Song et al. (2010) reported low genetic diversity in S. milt-
iorrhiza using SRAP and ISSR markers. Moreover, Zhang 
et al. (2012) applied nrDNA ITS sequences to investigate 
phylogenetic relationships within S. lachnostachys popula-
tion in relation to other Salvia taxa. They reported that 
S. miltiorrhiza f. alba, S. bowleyana, S. cavaleriei var. sim-
plicifolia, and S. yunnanensis were the most closely related 
taxa to S. miltiorrhiza species; they could be considered as 
new gene germplasm candidates for S. miltiorrhiza. Ince 
and Karaca (2012) reported a total of 17, 13, 9, 11 and 20 
species-specific Td-DAMD-PCR markers for S. sclarea, 
S. fruticosa, S. tomentosa, S. dichroantha and S. virgate, re-
spectively, using 22 DAMD primers. 
Zhang et al. (2013) reported the high importance of 
DNA genetic diversity of S. miltiorrhiza (studied by ISSR 
markers) in plant breeding programs. Erbano et al. (2015) 
reported genetic variation in S. lachnostachys populations 
collected from Brazil using ISSR-based markers. ISSR 
marker yielded 159 bands of which 152 (95.6%) were 
polymorphic; reflecting high genetic diversity level for 
S. lachnostachys. Takano (2017) reported deference among 
Salvia lutescens var. intermedia and its allies based on 
morphological traits and molecular analyses of nuclear 
Figure 1. Td- DAMD polymorphism profile yielded by HBVb (a), URP17R (b) and HVA (c) DAMD primers for natural S. tomentosa population; 1-29: 
samples collected from Lattakia, 30-33: samples collected from Tartous and 34-35: samples collected from Hama; 36: S. nivea as an outside 
reference. M: A VC 100bp Plus DNA Ladder (Vivantis).
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ribosomal DNA and plastid DNA sequences. 
Td-DAMD marker has been successfully employed 
for fingerprinting of other plant species, e.g., Deniz et 
al. (2013) used 10 DAMD primers and reported 454 total 
bands of which 245 (53.96%) were polymorphic between 
Allium elmaliense and Allium cyrilli. They found that A. 
elmaliense Deniz & Sumbul is a distinct species and not 
a synonym of A. cyrilli Ten. Ince and Karaca (2015) re-
ported a total of 858 bands of which 570 (66.43%) were 
polymorphic and PIC ranged from 0.120 to 0.341, with 
an average of 0.249/primer when genetic variation of 16 
carnation cultivars were studied using 12 DAMD prim-
ers. Gocer and Karaca (2016) reported 120 total bands, 
42 (35%) of which were polymorphic among 26 cotton 
samples using 10 DAMD primers.
Recently, Fabriki-Ourang and Yousefi-Azarkhanian 
(2018) applied TRAP and CoRAP markers to evaluate 
genetic diversity among 25 Salvia ecotypes/species in 
Iran. They reported that the 6 primer combinations of 
TRAP gave a mean average total bands of 181 of which 
15 were polymorphic with a mean PIC and MI values 
of 0.42 and 3.05, respectively. Whereas, CoRAP with 6 
primer combinations gave a mean average total bands of 
153 bands of which 15 were polymorphic with a mean 
PIC and MI values of 0.377 and 2.49, respectively.
It has been demonstrated that genetic structure in 
plant populations is influenced by various factors like, 
e.g., reproductive biology, gene flow, seed dispersal and 
natural selection (Erbano et al. 2015), of which reproduc-
tive biology plays a fundamental role (Zhao et al. 2007). 
On the other hand, the higher observed diversity previ-
ously observed for Salvia within populations was related 
to the outcrossing strategy (Bijlsma et al. 1994). This is 
particularly probable with high population densities where 
outcrossing rates are higher. Recently, Radosavljević et 
al. (2019) reported that interspecies hybridization af-
fects genetic and epigenetic alterations through DNA 
methylation patterns modification. Consequently, ap-
Figure 2. UPGMA cluster analysis-based on the percent disagreement value (PDV) for Td-DAMD fingerprints showing genetic relationship for 
natural S. tomentosa population.
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pearance of new phenotypic variants in hybrid progeny 
was more originated from epigenetic compared to genetic 
recombination.  
It worth to mention that moderate genetic variation 
observed within natural population of S. tomentosa in 
this study could be attributed to one or more following 
factors: i) big size of this population; ii) occurrence a huge 
number of individuals in this population; iii) outcrossing 
process as similarly reported for S. officinalis (Stojanović 
et al. 2015) or to spontaneous hybrids occurred in the wild 
or in cultivated Salvia (Tychonievich and Warner 2011); 
or to be interspecific hybrid as similarly reported in S. 
divinorum (Casselman 2016) or to reproductive biology, 
gene flow, seed dispersal and nature selection (Erbano et 
al. 2015) encouraged efficient gene flow. This observation 
could support by the phylogenetic study done by Walker 
et al. (2004) suggested that the Salvia was polyphyletic 
involved 2-3 distinct lineages. This phenomenon could 
lead to inbreeding expansion and higher heterozygosity, 
leading consequently to increase their adaptive potential. 
This could explain their distribution wide spare in the 
selected sites at different altitudes and rain full.
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The genus Lagochilus Bunge ex Benth. (1834), belong to 
family Lamiaceae, subfamily Lamioideae (Bendiksby 
et al. 2011), comprises about 44 species, from which six 
species occur in Iran ( Jamzad 1988; Zhang et al. 2017). 
Lagochilus species are mostly distributed in dry slopes, 
valleys and deserts from Iran to Mongolia, Russia (south 
Siberia), northwest China and north Pakistan, but have 
wide distribution in Central Asia (Harley et al. 2004; 
Zhang et al. 2017).
The chemical components of several Lagochilus species 
were surveyed due to their medicinal uses. Lagochilin 
is a diterpene which was found in various species of 
the genus, and is thought to be responsible for the seda-
tive, hypotensive and hemostatic effects of these species 
(Chizhov et al. 1970; Jiao et al. 2014). Taban et al. (2009) 
have reported the antibacterial activity of flowers and 
leaves of L. kotschyanus Boiss. (1848) oils against four 
Gram-positive and two Gram-negative bacteria.
These plants are subshrubs or perennial herbs with 
woody root and green-white, rigid stem with spiny bracte-
oles. Leaf blade is rhombic, palmatipartite or pinnatipar-
tite with campanulate-tubular calyx and villous-pillose 
corolla. Nutlets flattened-obconical, oblong-obovoid or 
oblongovid ( Jamzad 1988).
Ikramov (1976) investigated the classification, distri-
bution, and community ecology of Lagochilus species in 
Central Asia of former USSR. Recently, Zhang et al. (2017) 
have studied Lagochilus species using chloroplast sequence 
data to reveal the species relationships as well as the date 
of divergence. However only three species sampled from 
Iran was included in their investigation and they were 
considered as a complex and very much different clade 
within the genus Lagochilus (Zhang et al. 2017). 
Boissier (1879) mentioned 6 species, Parsa (1949) listed 6 
species and two varieties and Rechinger (1982) recognized 
5 species from Iran. Jamzad (1988) identified 6 species 
through revision of the genus Lagochilus in Iran, these 
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Lagochilus is a genus with ten taxa (species, subspecies and variety) 
in Iran, which nine of them are endemic. This is the first micromorphological investiga-
tion of this genus. Micromorphological features of trichomes on the stems, leaves and 
calyces, and also pollen morphology of 19 populations were investigated by scanning 
electron microscopy. Two types of trichome (glandular and non-glandular) including 14 
forms were described. Here, among the non-glandular trichomes, cell number and size of 
trichomes are considered as valuable characteristics, while the glandular trichomes are 
observed as stalked, sessile and peltate. Lagochilus pollen grains are tricolpate and small 
to medium sized. The basic shape of the pollen grains in most taxa is prolate, however 
prolate-subprolate pollen grains was recorded for L. aucheri ssp. aucheri var. aucheri 
2. Four types of exine sculpture patterns were distinguished: bireticulate, reticulate, 
microreticulate and incomplete reticulate. Quantitative and qualitative characteristics 
were examined by multivariate analysis. The results indicated that the studied taxa were 
separated from each other; however varieties of L. aucheri did not grouped together. The 
results support the existence of known varieties in L. aucheri. In general, our investiga-
tions reveal the usefulness of micromorphological characteristics in taxon delimitation 























are L. alutaceus Bunge (1873), L. aucheri Boiss. (1844), L. 
lasiocalyx (Stapf) Jamzad (1988), L. macranthus Fisch. & 
C.A. Mey. (1841), L. quadridentatus Jamzad (1988) and L. 
cabulicus Benth. (1848). The first five species are endemic 
to Iran and are considered as the endangered species ( Jalili 
and Jamzad 1999).
Jamzad (1988) described L. quadridentatus and 3 infra-
specific taxa as L. aucheri ssp. heterophyllus, L. aucheri ssp. 
aucheri var. elegans and L. aucheri ssp. aucheri var. tomentosus. 
She found a complexity in naming of L. aucheri group. 
Morphological characteristics as calyx teeth number, 
calyx width, shape of leaves and indumentum type of 
different parts of calyx, nutlet and stem traits were used 
in identification key for specific and infraspecific level. 
However, according to the Plant List, there are five species 
in Iran and known subspecies and varieties by Jamzad 
are synonym names (Govaerts et al. 2013).
The taxonomic value of trichomes density and types 
and also pollen morphology in identification, delimita-
tion and phylogenetic reconstruction  of some members 
of the family Lamiaceae have been elucidated by many 
authors (Erdtman 1945; Wunderlich 1967; Abu-Asab 
and Cantino 1989; 1992; 1993a,b; 1994; Cantino 1990; 
Doaigey1991; Bini Maleci and Servettaz, 1991; Harley et 
al. 1992; Wagstaff 1992; Navarro and El Qualidi, 2000; 
Moon and Hong 2003; C¸elenk et al. 2008 a,b; Moon et 
al. 2008a,b,c; Salmaki et al. 2008; Hassan et al. 2009; 
Gairola et al. 2009; Salmaki et al. 2009; Özler et al. 2011; 
2013; Firdous et al. 2015 ; Atalay et al. 2016a,b; Talebi et 
al. 2018a,b). Besides of systematic significance, trichomes 
have several roles in plants. For example, there are assumed 
to attraction of pollinators (Wagner 1991), protection 
from herbivores and pathogens (Xiao et al. 2017) and 
decrease the leaf temperature and transpiration (Peter 
and Shanower 1998).
Pollen morphology is generally supported segregation 
of some genera of Lamiaceae (Abu-Asab and Cantino 
1994). Palynological study of the genus Lagochilus have 
been poorly investigated and is still lacking (Abu-Asab 
and Cantino 1994; Talebi and Rezakhanlou 2012; Bad-
amtsetseg et al. 2012), so their work comprises only a few 
Lagochilus species.
Whereas phylogenetic and molecular studies of most 
Lagochilus species have not been investigated yet and also 
there is no comprehensive micromorphological and paly-
nological study covering all species of Lagochilus in Iran 
and Asia, therefore, the main objectives of the present 
study are to provide a detailed investigation and descrip-
tion of trichomes and pollen micromorphology of the 
genus Lagochilus, mainly by scanning electron microscopy 
(SEM), to determine whether these data can be of value in 
the taxonomy of the genus and delimitation of the species. 
Furthermore, trichomes and pollen morphology of most 
species was described for the first time.
Taxon Ns Locality Latitude Longitude Altitude (m) Voucher code
L. aucheri ssp. aucheri var. aucheri 2 5 Zanjan, Dash kasan Mt. 36° 43’ 58” 48° 79’ 20” 1700 HSBU2018650
L. aucheri ssp. aucheri var. aucheri 2 5 Zanjan, 90 km of Zanjan-Bijar road 35° 75’ 79” 48° 48’ 22” 1500 HSBU2018651
L. aucheri ssp. aucheri var. aucheri 2 5 Zanjan, Bulamaji  village 36° 56 ’ 31 ” 48° 48 ’ 79 ” 1500 HSBU2019100
L. aucheri ssp. aucheri var. aucheri 1 5 Qazvin, Abegarm 35° 80’ 03” 49° 31’ 19” 1500 HSBU2018652
L. aucheri ssp. aucheri var. aucheri 3 5 Alborz,  Karaj, Dizin 35° 82’ 00” 50° 97’ 00” 2500 HSBU2018653
L. aucheri ssp. aucheri var. tomentosus 5 Tehran, Firuzkuh, Sarbandan 35° 75’ 50” 52° 77’ 24” 2000 HSBU2018654
L. aucheri ssp. aucheri var. tomentosus 5 Tehran, Damavand, Voleyran 35° 68’ 84” 52° 06’ 38” 2000 HSBU2019101
L. aucheri ssp. aucheri var. tomentosus 3 Tehran, Damavand, Tar lake 35° 73’ 17” 52° 21’ 00” 1950 HSBU2019102
L. aucheri ssp. aucheri var. kotschyanus 4 Markazi, Delijan 34°06’ 38.7” 50° 32’ 23” 1511 HSBU2018658
L. aucheri ssp. aucheri var. kotschyanus 4 Markazi, Mahallat 34°00’ 43.2” 50° 32’ 14.2” 1910 HSBU2019103
L. aucheri ssp. aucheri var. elegans 5 Qazvin, Takestan 36° 07’ 21” 49° 70’ 13” 1450 HSBU2018660
L. alutaceus 5 Razavi Khorasan, Chenaran 36°30’ 52.3” 59°02’ 42 ” 1450 HSBU2018655
L. cabulicus 5 North Khorasan, Esfarayen 36°56’ 0.23” 57° 44’ 3” 1535 HSBU2018656
L. cabulicus 5 Razavi Khorasan, Chenaran 36°30’ 52.3” 59°02’ 42 ” 1450 HSBU2018661
L. macracanthus 5 Alborz, Eshtehard, Jafar abad village 35° 72’ 44” 50° 36’ 62” 1300 HSBU2018657
L. macracanthus 5 Alborz, Eshtehard, Nekujar village 35° 67’ 84” 50° 39’ 29” 1450 HSBU2019104
L. macracanthus 5 Tehran, Vardavard Mt. 35° 73’ 60” 51° 10’ 30” 1500 HSBU2019105
L. macracanthus 4 20-kilometer after Saveh, Samavak village. 35° 03’ 85” 50° 08’ 42” 1500 HSBU2019106
L. lasiocalyx 4 Isfahan, Bagherabad 33°51’ 12.4” 50° 33’ 9” 1638 HSBU2018659
Table 1. Voucher specimens of the genus Lagochilus examined in the present study. Ns: number of plant samples.
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Materials and Methods 
Plant samples
Totally 19 accessions of 10 taxa (species, subspecies and 
variety) were examined. In each populations, three to five 
plants were sampled for the scanning electron microscopy 
(SEM). Vouchers were collected from nature (2016-2018) 
and identified based on the descriptions provided in Flora 
Iranica (Rechinger 1982) and Flora of Iran (Jamzad 2012). 
Accessions studied and voucher details are listed in Table 
1. All vouchers of the current study were deposited in 
Herbarium of Shahid Beheshti University (HSBU). 
Micromorphological characters
Micromorphological features of leaves, stems and calyces 
were assessed using SEM. One to five mature leaves, 
stems and calyces were selected from fresh plant materials 
from each population. Middle parts of the samples were 
mounted directly on aluminum stubs using double-sided 
adhesive tape. The samples were coated with gold by a 
magnetron, sputtering device for about 10 nanometer 
thickness and observed with a SU 3500 SEM (Hitachi). 
The terminology used is based on Cantino (1990) and 
Navarro and El Qualidi (2000) for trichomes. Size mea-
surements on SEM images were made using UTHSCSA 
Image Tool Ver.3.0. Trichomes density was calculated 
by dividing the hair number per mm2 by the samples 
area (Gonzales et al. 2008). The distribution and types 
of trichomes were determined (Table 2). 
Pollen grains
Fully matured anthers were obtained from the specimens 
and were prepared for study by SEM. Pollen grains were 
placed directly to aluminum stubs with double-sided cel-
lophane tape and coated with gold by a magnetron sput-
tering device for about 10 nm thickness, then observed 
in a Hitachi SU 3500 SEM (in the Central Laboratory of 
Shahid Beheshti University) at 15 kV and photographed 
at magnifications ranging from×600 to ×10,000 to deter-
mine the exine ornamentation. Fully developed pollen 
grains (15-30 pieces) were selected and the following 
pollen measurements were taken: polar axis (P), equato-
rial axis (E), colpus length (Clg), mesocolpium thickness, 
apocolpium diameter and P/E ratio (Table 3). All of the 
measurements were performed using UTHSCSA Image 
Tool Ver. 3.0. The pollen terminology follows that of used 
by Faegri and Iversen (1975), Abu-Asab and Cantino (1994) 
and Hesse et al. (2009).
Statistical analysis
For multivariate analysis, the mean of quantitative char-
acteristics was used, while qualitative characters were 
coded as binary/multistate features. Standardized vari-
ables (mean = 0, variance = 1) were used in the statistical 
analysis. For grouping the studied taxa, cluster analysis 
using UPGMA (Unweighted Paired Group with Arith-
metic Average) methods was performed using Euclidean 
and taxonomic distance among the species. Principal 
Coordinate Ordination (PCO) and Principal Coordinate 
Analysis (PCA) were performed (Podani 2000). Moreover, 
the one-way analysis of variance (ANOVA) was used to 
compare the trichomes numbers among the studied spe-
cies. PAST (Paleontological statistics software package) 
version 2.17 was used for statistical analysis (Podani 2000).
Results
Different trichome features as trichome type, size and 
density on the stems, leaves and calyces of the studied 
taxa along their palynological data are summarized in 
Tables 2 and 3, respectively. Selected SEM micrographs 
of different trichome types and pollen grains studied 
were presented in Figs. 1-3 and Figs. 4-6, respectively. 
Micromorphological characters
In general, two main types of trichomes were observed 
in the studied taxa: non-glandular (NG) and glandular 
(G). Both non-glandular and glandular trichomes occur 
on the same organ, particularly in the leaves and calyces.
Non-glandular trichomes
Non-glandular type trichomes were simple and un-
branched in the examined specimens. However, this type 
varied in density, size, cell number, thickness of cell wall 
and presence of papillae on the trichome surface, therefore 
they were classified into 4 types (A-D, Table 2):
Unicellular trichomes (A).
A1: prickles-hairs. These were the unicellular epidermal 
appendages. In terms of size, this form was shorter than 
50 µm on the leaves of L. cabulicus, L. macracanthus and 
L. aucheri ssp. aucheri var. elegans (Fig. 1A-B) to 200 µm 
in the leaves and calyces of most specimens (except L. 
aucheri ssp. aucheri var. aucheri 3), which have papillate 
surface (Fig. 1C). The highest number of this kind of 
trichomes was seen on the leaves of L. aucheri ssp. aucheri 
var. tomentosus and its lowest amount was found on the 
leaves of L. macracanthus and L. aucheri ssp. aucheri var. 
aucheri 1 (Table 2).
A2: thin-walled trichomes. This form was triangular 
and very thin-walled hairs with ridges. In the term of size, 
thin-walled non-glandular trichomes can be subdivided 
into two types; short (i): shorter than 50 µm, which was 
found on the stems and calyces of L. macracanthus and 
L. cabulicus (Fig 1D) to hairs ranged from 50-300 µm on 
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Table 2. Indumentum characteristics of the Lagochilus taxa examined. Numbers refer to mean ± standard deviation of trichomes number. NG: 
non-glandular. A1: prickles-hairs. A2-i: short thin-walled trichomes. A2-ii: long thin-walled trichomes. B1: short bicelled trichomes densely covered 
by micropapillae. B2: short bicelled trichomes, the basal cell is without micropapillae. B3: long bicelled trichomes. C: long tricelled trichomes. D: 
long four-celled trichomes. G: glandular. G1: sessile capitate. G2: short-stalked capitate. G3: peltate.
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the stems, leaves and calyces of L. aucheri ssp. aucheri var. 
aucheri 3 (Fig. 1E), and also on the stems of most specimens 
(e.g., L. lasiocalyx, L. aucheri ssp. aucheri var. aucheri 1 and 
L. aucheri ssp. aucheri var. aucheri 2, Fig. 1F). The stems 
of L. aucheri ssp. aucheri var. aucheri 2 and L. alutaceus had 
highest and lowest amounts of these types of trichomes, 
respectively (Table 2). Long thin-walled trichomes (ii): 
as long as 1000- 2000 µm only on the stems of L. aucheri 
ssp. aucheri var. kotschyanus (Fig. 1G).
Bicelled trichomes (B).
B1: short (50-200 µm in size), bicelled trichomes, densely 
covered by micropapillae; the apical cell is triangular and 
acute. This form was observed on the stems of L. aucheri 
ssp. aucheri var. kotschyanus and L. aucheri ssp. aucheri 
var. aucheri 2 (Fig. 2A) and on the calyces of L. aucheri 
ssp. aucheri var. elegans and L. aucheri ssp. aucheri var. 
tomentosus (Fig. 2B).
B2: short (50-200 µm in size), bi- celled trichomes, 
the basal cell is without micropapillae. This form can 
distinguishable on the stem of L. alutaceus (Fig. 2C). 
B3. Long (1000-1500 µm in size), bicelled trichomes 
with rare micropapillae, this form was thin – walled on 
the L. alutaceus calyx (Fig. 2D) and thick-walled on L. 
lasiocalyx stem (Fig. 2E).
Long, tricelled trichomes (1000-2000 µm)(C).
Elongated and thin-walled trichomes with rare micro-
papillae, can be observed on the stems of L. aucheri ssp. 
aucheri var. elegans, L. cabulicus and L. alutaceus (Fig. 3A-B), 
and thick-walled on the stems and calyces of L. lasiocalyx 
and L. aucheri ssp. aucheri var. kotschyanus, respectively 
(Fig. 2E and Fig. 3C).
Long, four-celled trichomes (D).
This type is found on the calyces of L. lasiocalyx and L. 
aucheri ssp. aucheri var. elegans (Fig. 3D-E).
Glandular trichomes
Three types of glandular trichomes were revealed by SEM 
micrographs, which all types were found in all studied 
specimens. The first type (G1) represented the sessile 
capitate glandular trichomes, (e.g., L. aucheri ssp. aucheri 
var. aucheri 1 and L. macracanthus; Fig. 3F). The second 
type (G2) represented the short-stalked capitate glandular 
trichomes (length of the stalk up to 10 µm) which were 
only registered on the stems of L. aucheri ssp. aucheri var. 
elegans, L. aucheri ssp. aucheri var. kotschyanus and L.aucheri 
ssp. aucheri var. tomentosus (Fig. 3G). The dominant glan-
dular hairs, peltate glandular trichomes (G3), consist of a 
Figure 1. SEM micrographs of non-glandular unicellular trichomes 
in selected Lagochilus taxa. Prickles trichomes on the leaf (A-C). A: L. 
aucheri ssp. aucheri var. elegans. B: L. cabulicus. C: L. aucheri ssp. aucheri 
var. aucheri 2. Short thin-walled trichomes (D-F). D: on the stem of L. 
macracanthus. E: on the calyx of L. aucheri ssp. aucheri var. aucheri 3. 
F: on the stem of L. aucheri ssp. aucheri var. aucheri 1. Long thin-walled 
trichomes on the stem of L. aucheri ssp. aucheri var. kotschyanus (G).
Figure 2. SEM micrographs of non-glandular trichomes in selected 
Lagochilus taxa. Bicelled trichomes type B1 on the stem of L. aucheri ssp. 
aucheri var. aucheri 2 (A) and on the calyx of L. aucheri ssp. aucheri var. 
elegans (B). Bicelled trichomes type B2 on the stem of L. alutaceus (C). 
Thin-walled bicelled trichomes type B3 on the calyx of L. alutaceus (D). 
Thick-walled bicelled trichomes type B3 on the stem of L. lasiocalyx (E).
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basal cell, a short stalk cell and a multicellular head (4-8 
cells). Its highest number was recorded on the leaves of 
L. aucheri ssp. aucheri var. aucheri 3, L. cabulicus and L. 
alutaceus, and also on the calyx of L. aucheri ssp. aucheri 
var. kotschyanus (Table 2; Fig. 3H).
General pollen features
Pollen size and shape
The pollen grains were monads and mostly small to 
medium in size. The polar axis length varied from 29.35 
µm in L. aucheri ssp. aucheri var. aucheri 2 to 43.91 µm in 
L. aucheri ssp. aucheri var. aucheri 1, while the equatorial 
diameter length varied from 17.6 µm in L. aucheri ssp. 
aucheri var. kotschyanus to 24.59 µm in L. aucheri ssp. 
aucheri var. aucheri 3 (Table 3). The shape of all pollen 
grains was prolate (P/E = 1.57-1.9) in equatorial view, 
except for L. aucheri ssp. aucheri var. aucheri 2, which was 
prolate-subprolate (P/E = 1.34) (Table 3). In polar view, 
the shape of all pollen grains was circular.
Apertures
Pollen grains were isopolar and tricolpate in all examined 
taxa. Simple colpi were elongated and narrowing at the 
poles. Colpus length ranges from 25.84 µm in L. aucheri ssp. 
aucheri var. aucheri 2 to 41.46 µm in L. aucheri ssp. aucheri 
var. aucheri 3 (Table 3). Mesocolpium value varied from 
12.5 µm in L. aucheri ssp. aucheri var. kotschyanus to 19.55 
Figure 3. SEM micrographs of non-glandular and glandular trichomes 
in selected Lagochilus taxa. Long tricelled thin- or thick-walled trichomes 
of type C (A-C). Thin-walled trichomes on the stems L. alutaceus (A) and 
L. cabulicus (B). Thick-walled trichomes on the calyx of L. aucheri ssp. 
aucheri var. kotschyanus (C). Long, four-celled trichomes on the calyx 
of L. lasiocalyx (D) and L. aucheri ssp. aucheri var. elegans (E). Sessile 
capitate glandular trichomes on the calyx of L. aucheri ssp. aucheri var. 
aucheri 1. (F). Short stalked capitate glandular trichomes on the stem of 
L. aucheri ssp. aucheri var. tomentosus (G). Peltate glandular trichomes 
on the leaf of L. alutaceus (H).
Figure 4. SEM micrographs of pollen grains in the Lagochilus taxa 
examined. A-C: L. alutaceus. D-F: L. cabulicus. G-I: L. aucheri ssp. aucheri 
var. elegans. J-L: L. aucheri ssp. aucheri var. aucheri 3.
Figure 5. SEM micrographs of pollen grains in the Lagochilus taxa 
examined. A-C: L. macracanthus. D-F: L. aucheri ssp. aucheri var. 
kotschyanus. G-I: L. aucheri ssp. aucheri var. aucheri 1. J-L: L. aucheri 
ssp. aucheri var. aucheri 2.
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µm in L. aucheri ssp. aucheri var. aucheri 3. Apocolpium 
diameter ranges from 2.45 µm in L. alutaceus to 4.85 µm 
in L. macracanthus (Table 3).
Exine ornamentation
Exine sculpture displayed four distinct types of surface 
ornamentation: bireticulate or suprareticulate (Fig. 4A-
L, Fig. 5A-F, and Table 3), reticulate (Fig. 5G-L, Table 
3), microreticulate (Fig. 6A-C, Table 3) and incomplete 
reticulate (Fig. 6D-F, Table 3). Bireticulate patterns can 
be subdivided into three subtypes, based on the detailed 
configuration of the exine ornamentation patterns.
Bireticulate sculpture pattern. The most common (seven 
taxa) sculpture pattern among the studied taxa was the 
bireticulate sculpture pattern (special type of reticulate 
ornamentation, where a two-layered reticulum consisting 
of a suprareticulum supported by a microreticulate layer). 
According to the number of perforations per 25 µm2, it 
can be divided into three subtypes (a-c). In subtype 1a, the 
number of perforations was <5 (L. alutaceus, L. cabulicus, L. 
aucheri ssp. aucheri var. elegans and L. aucheri ssp. aucheri 
var. aucheri 3, Fig. 4A-L). In subtype 1b, the number of 
perforations was >5 (Fig. 5A-C, L. macracanthus). Bireticu-
late subtype 1c was determined with prolonged primary 
lumina without perforations, which was reported from 
L. aucheri ssp. aucheri var. kotschyanus (Fig. 5D-F) and L. 
aucheri ssp. aucheri var. aucheri 1 (Fig. 5G-I). 
Reticulate sculpture pattern. Among the examined taxa, 
L. aucheri ssp. aucheri var. aucheri 2 had reticulate sculpture 
pattern (Fig. 5J-L). 
Microreticulate sculpture pattern. The microreticulate 
sculpture pattern is observed only in L. lasiocalyx (Fig. 
6A-C). In this pattern diameter of lumina is smaller 
than 1 µm.
Incomplete reticulate sculpture pattern. Incomplete re-
ticulate sculpture pattern (network like pattern formed 
by exine elements, is incomplete), occurs for L. aucheri 
ssp. aucheri var. tomentosus (Fig. 6D-F).
Taxon P E P/E Clg Mesocolpium Apocolpium Sc Shape
L. aucheri ssp. aucheri 
var. aucheri 1
43.91 ± 1.7 
(40.9-46.83)
23 ± 2.2 
(20.17-26.26)
1.90 41 ± 1.9 
(37.65-43.19)
15.68 ± 1.41 
(14.36–17.95)
4.2 ± 1.04 
(3.69–5.41)
1c Prolate
L. aucheri ssp. aucheri 
var. elegans
41.31 ± 1.24 
(35.68-42.94)
22.8 ± 1.42 
(20.93-25.18)
1.81 38.51 ± 1.06 
(37.05-40.04)
16.53 ± 1.8 
(15.21-17.85)
4.35 ± 1.7 
(5.7-6.2)
1a Prolate
L. aucheri ssp. aucheri 
var. kotschyanus
33.08 ± 1.41 
(31.22-34.29)
17.6 ± 0.62 
(16.97-18.16)
1.87 30.56 ± 1.64 
(29.50-32.44)
12.5 ± 1.36 
(10.75-15.3)
3 ± 0.72 
(2.4–4.03)
1c Prolate
L. aucheri ssp. aucheri 
var. tomentosus
39.82 ± 0.91 
(38.57-40.98)
22.95 ± 0.97 
(21.21-24.35)
1.73 37.81 ± 1.15 
(35.5-39.49)
15.61 ±  2.29 
(13.69–18.72)
4.7 ±  0.45 
(4.04–5.13)
4 Prolate
L. aucheri ssp. aucheri 
var. aucheri 2
29.35 ± 0.92 
(27.62-30.34)
21.78 ± 0.84 
(20.73-22.67)
1.34 25.84 ± 0.74 
(25.20-26.59)
14 ± 0.78 
(12.8-15.21)
4.6 ±  1.1 
(3.91-5.22)
2 Prolate-subprolate
L. aucheri ssp. aucheri 
var. aucheri 3
43.71 ± 0.96 
(42.66-44.78)
24.59 ± 0.99 
(24.36-25.65)
1.77 41.46 ± 0.45 
(41.05-41.92)
19.55 ± 1 
(19.1-20.2)
4.8 ±  1.03 
(3.30–6.02)
1a Prolate
L. alutaceus 35.59 ± 2.27 
(33.12-39.93)
19.21 ± 1.81 
(15.46-21.70)
1.85 31.56 ± 2.09 
(30.16-35.07)
14.72 ± 1.35 
(13.15-15.47)
2.45 ±  0.21 
(2.34–2.78)
1a Prolate
L. cabulicus 38.96 ± 1.38 
(36.30-40.77)
21.74 ± 1.71 
(19.36-23.03)
1.79 36.57 ± 0.23 
(36.52-36.85)
16.26 ± 0.96 
(15.53-17)
4.15 ± 0.98 
(3.5-4.8)
1a Prolate
L. lasiocalyx 33.73 ± 1.54 
(30.03-36.14)
21.43 ± 1.5 
(19.08-23.64)
1.57 31.2 ± 1.62 
(29.38-34.57)
16.13 ± 1.17 
(15-18.11)
3.2 ± 0.83 
(2.5-3.92)
3 Prolate
L. macracanthus 39.83 ± 0.74 
(39.08-40.69)
23.66 ± 1.5 
(22.42-24.51)
1.68 37.78 ± 0.95 
(36.05-39.98)
16.03 ± 1.73 
(13.75-18.06)
4.85 ± 0.63 
(4.11-5.63)
1b Prolate
Table 3. Summary of pollen morphological data for the Lagochilus taxa examined. All sizes are in µm. Numbers refer to mean ± standard de-
viation (minimum-maximum). Clg: colpus length. P: polar axis. E: equatorial axis. Sc: sculpturing type 1a, 1b, 1c = bireticulate; 2: reticulate; 3: 
microreticulate; 4: incomplete reticulate. All measurements are in µm.
Figure 6. SEM micrographs of pollen grains in the Lagochilus taxa 
examined. A-C: L. lasiocalyx. D-F: L. aucheri ssp. aucheri var. tomentosus.
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Statistical analysis
The UPGMA dendrogram based on the micromorphologi-
cal and palynological features showed the existence of two 
main clusters (Fig. 7). Group1 (G1) contained specimens 
with three- or four- celled trichomes on the stems or 
calyces (L. lasiocalyx, L. aucheri ssp. aucheri var. elegans and 
L. aucheri ssp. aucheri var. tomentosus), while Group 2 (G2) 
was subdivided into two subgroups: subgroup I (SG2-I) 
contained specimens with two-celled trichomes of type 
B1 (L. aucheri ssp. aucheri var. aucheri 2 and L. aucheri ssp. 
aucheri var. kotschyanus). Subgroup II (SG2-II) contained 
specimens with short unicellular thin-walled trichomes 
on the stems and calyces (L. aucheri ssp. aucheri var. aucheri 
1, L. macracanthus, L. cabulicus and L. alutaceus). L. aucheri 
ssp. aucheri var. aucheri 3 was sister to all Lagochilus species 
(Fig. 7). As seen in Figure 7, known varieties of L. aucheri 
were distributed through the tree.
The ANOVA result did not show significant differ-
ences (p ≤ 0.05) in the number between all observed types 
of trichomes, however, PCA-biplot showed that some of 
species had distinct type of trichomes that were useful in 
identification of them (Fig. 8). For example, the number of 
trichomes type A1 on the calyces is a distinguishing trait 
for identification of L. aucheri ssp. aucheri var. kotschya-
nus, however, L. aucheri ssp. aucheri var. tomentosus were 
identified by highest number of trichomes of type A1on 
the leaves. In addition, trichomes of type B2 and C on the 
stems was significant trait for L. alutaceus.
Discussion
Micromorphological characters
Both glandular and non-glandular trichomes were ex-
isted on the stems, leaves and calyces of all investigated 
taxa. The trichomes types presented on the studied spe-
cies were mostly similar to those of family Lamiaceae 
reported by Navarro and El Qualidi (2000), Cantino 
(1990) and Atalay et al. (2016a). Generally, number of 
non-glandular trichomes was higher than glandular 
ones, which is a common feature in Lamiaceae family 
(Metcalfe and Chalk 1950).
Our study showed that the size and cell number of 
trichomes were valuable and could be applied to classify 
the non-glandular trichomes into four types including 
10 forms; therefore, they can be used as taxonomic tools 
in species and intraspecific identification. 
Two main types of glandular trichomes were capitate 
and peltate. The studied taxa had two types of capitate 
trichomes which differed from each other in their stalk 
length. Talebi and Rezakhanlou (2012) reported the 
capitate trichomes with a basic and two apical cells in L. 
macracanthus. The peltate trichomes of Lamiaceae have 
mostly a secretory head of four central and 6-14 peripheral 
cells (Werker 1993). Peltate glandular hairs with eight-
celled head were previously reported in L. macracanthus 
(Talebi and Rezakhanlou 2012). The distribution of glan-
dular trichomes is obviously correlated with their role in 
pollination (Navarro and El Qualidi, 2000). In Lagochilus 
genus, this type totally appears on the outer side of the 
calyces and sparse on the stems. 
Pollen grain morphology
Erdtman (1945) classified the Lamiaceae family into two 
subfamilies based on the number of apertures and nuclei 
in the mature pollen grains. The first group comprises 
the subfamily Lamioideae with tricolpate pollen grains 
and the second group contains the subfamily Nepetoideae 
characterized by hexacolpate pollen grains. According to 
the latest molecular phylogenetic studies by Bendiksby 
et al. (2011) the genus Lagochilus, included in the subfam-
ily Lamioideae and tribe Leonureae. The present study 
showed that the all the examined taxa have tricolpate 
pollen grains similar with the other genera of subfamily 
Lamioideae (Abu-Asab and Cantino 1994; Atalay et al. 
2016b). 
The shapes of the pollen grains in equatorial view 
is prolate except for L. aucheri ssp. aucheri var. aucheri 2, 
with prolate-subprolate shape (P/E = 1.34). The state of 
hydration and/or fixation could be affecting the pollen 
shape (Demissew and Harley 1992; León-Arencibia and 
La-Serna Ramos 1992; Moon et al. 2008a). Thus, dif-
ferences in shape among the pollen grains may not be 
significant or even applicable in their taxonomy (Xiang 
et al. 2013). Moon et al. (2008a) suggested, in order pre-
serving a more natural form, careful processing such as 
critical point drying of the fresh material is required.
Figure 7. UPGMA dendrogram of the studied Lagochilus taxa based 




The observed exine sculpture patterns in Lagochilus 
were determined as bireticulate, reticulate, microreticulate 
and also incomplete reticulate. Reticulate and microre-
ticulate exins are common in several species of subfamily 
Lamioideae and in other genera of Lamiaceae (Wagstaff 
1992; Abu-Asab and Cantino 1992, 1994; Çelenk et al. 
2008 a,b; Moon et al. 2008 a,b,c; Özler et al. 2011, 2013; 
Atalay et al. 2016b). Bireticulate exin are a plesiomor-
phic in subfamily Lamioidae, while it is apomorphic in 
Lamiaceae (Cantino 1992 a,b). Derived states as psilate, 
granulate, rugulate and suprareticulate-rugulate forms 
of sculpturing pattern and branched columellae occur 
in some members of Lamioids. Similar pollen features 
suggest relationships within and between certain genera 
in Lamioidae (Abu-Asab and Cantino 1994; Atalay et al. 
2016b). Incomplete reticulate sculpture pattern occured 
for L.aucheri ssp. aucheri var. tomentosus (Fig. 6D-F). This 
pattern not been reported previously in Lamiaceae.
Among the investigated taxa, palynological properties 
of L. aucheri have been provided by Abu-Asab and Cantino 
(1994). Characteristics investigated by them correlate with 
our current results, except for the P/E ratios, which are 
possibly due to differences in procedure of preparation. 
Systematic significance of trichome and pollen grains 
micromorphology
L. aucheri complex
Jamzad (1988), in her taxonomic revision of the genus 
Lagochilus in Iran, recognized two subspecies for L. aucheri: 
ssp. heterophyllus and ssp. aucheri. Moreover, she identi-
fied four varieties for ssp. aucheri. She stated that the 
indumentum is one of the characteristics that can be used 
in distinguishing varieties. Results of our investigation 
showed that the trichomes micromorphology can be used 
in distinguishing varieties that presented by Jamzad (1988). 
She has reported that L. aucheri ssp. aucheri var. aucheri 
was characterized by glabrous stem and calyx, while we 
observed short unicellular trichomes on the stem and 
calyx of this taxon. Moreover, leaves of this variety had 
lowest number of prenominated trichomes.  
 L. kotschyanus Boiss. was originally described as 
a species but was reduced to a variety of L. aucheri by 
Bornmüller (1907). L. aucheri ssp. aucheri var. kotschyanus 
has long unicellular trichomes on the stems and tricelled 
trichomes on the calyces, which were not observed in any 
other varieties of the species.
L. aucheri ssp. aucheri var. elegans and L. aucheri ssp. 
aucheri var. tomentosus, are two new infraspecific taxa that 
were described by Jamzad (1988). In our study, L. aucheri 
ssp. aucheri var. elegans was characterized by four-celled 
trichomes on the calyces, and L. aucheri ssp. aucheri var. 
tomentosus was identified by short unicellular trichomes 
on the stems and bicelled trichomes on the calyces. In 
addition, L. aucheri ssp. aucheri var. tomentosus identified 
by highest number of trichomes of type A1on the leaves. 
In carrying out of determination of specimens, we 
identified plants which have basic traits of L. aucheri but 
differed from known species in some morphological 
characteristics such as ratio of teeth length /calyx tube 
or calyx teeth numbers. This holds true for plants of 
Zanjan (L. aucheri ssp. aucheri var. aucheri 2) and Dizin (L. 
aucheri ssp. aucheri var. aucheri 3) populations. Detailed 
micromorphological analysis revealed that trichomes of 
type A1 were observed on the leaves and calyces of all 
specimens, except L. aucheri ssp. aucheri var. aucheri 3, 
while, unicellular thin-walled trichomes with 200-300 
µm in size (A2 i type), present only on the leaves, stems 
and calyces of L. aucheri ssp. aucheri var. aucheri 3. Simi-
larly, bicelled trichomes of type B1 were observed on the 
stems of L. aucheri ssp. aucheri var. aucheri 2 and L. aucheri 
ssp. aucheri var. kotschyanus , however, latter vary from L. 
aucheri ssp. aucheri var. aucheri 2 in having  trichomes of 
type A2ii on the stems and trichomes of type C on the 
calyces. The basic shape of the pollen grains in most taxa 
was prolate, however prolate-subprolate pollen grains 
was recorded for L. aucheri ssp. aucheri var. aucheri 2. 
Moreover, reticulate sculpturing pattern of pollen grains 
were observed only in L. aucheri ssp. aucheri var. aucheri 
Figure 8.  PCA-biplot of the studied taxa and their trichome features. 
1: L. aucheri ssp. aucheri var. aucheri 1. 2: L. aucheri ssp. aucheri var. 
elegans. 3: L. aucheri ssp. aucheri var. kotschyanus. 4: L. aucheri ssp. 
aucheri var. tomentosus. 5: L. aucheri ssp. aucheri var. aucheri 2. 6: L. 
aucheri ssp. aucheri var. aucheri 3. 7: L. alutaceus. 8: L. cabulicus. 9: L. 
lasiocalyx. 10: L. macracanthus.
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2. L. aucheri ssp. aucheri var. aucheri 3 had highest value 
of colpus length and mesocolpium area among all taxa 
examined. Therefore, it seems to be new intraspecific 
ranks in L. aucheri complex that need to additional and 
detailed morphological and molecular studies.
In our UPGMA tree of micromorphological and paly-
nological characteristics, the examined taxa are separated 
from each other, but varieties of L. aucheri do not grouped 
together and not nested in the same clade as the members 
of L. aucheri. Therefore, L. aucheri seems to be a poly-
phyletic and this genus needs to revise of morphological 
characteristics for identifying of species.
Other Lagochilus species
Jamzad (1988) described L. lasiocalyx as the new combina-
tion, based on L. aucheri var. lasiocalyx Stapf., and treated L. 
aucheri var. perhispidus Bornm. as a synonym of L. lasioca-
lyx. In flora of Iran ( Jamzad 2012), L. lasiocalyx has placed 
toward known varieties of L. aucheri. Result of UPGMA 
tree of micromorphological characteristics corroborates 
her morphology-based conclusion; L. lasiocalyx showed a 
close relationship with L. aucheri ssp. aucheri var. elegans 
and L. aucheri ssp. aucheri var. tomentosus. 
According to Jamzad (1988), there was close affinity 
and the high degree of morphological similarities between 
L. cabulicus and L. aucheri, in so far as it is difficult to dis-
tinguish them. We could differentiate them by trichomes 
and pollen grains characteristics. The trichomes size on 
the leaves of L. cabulicus was very short (< 50µm) while 
it varied from 100-200 µm in L. aucheri 1, also we could 
differentiate them by the shorter size of the pollen grains 
in L. cabulicus. The polar and equatorial axis ranged from 
36.30-40.77 µm and 19.36-23.03 µm, respectively in L. 
cabulicus, while they varied from 40.9-46.83 µm and 20.17-
26.26 µm in L. aucheri 1. Despite bireticulate sculpture 
pattern observed in both species, they varied from each 
other according to the number of perforations per 25 µm2. 
In the UPGMA tree, a close relationship could be 
identified among L. cabulicus, L. macracanthus and L. alu-
taceus, which these results, generally were corroborate 
with Rechinger classification (1982). 
The result of statistical analysis showed that trichomes 
characteristics such as density and cell numbers of non-
glandular trichomes could be used as a relevant features 
for identification of the investigated taxa concerning 
they stable position between studied populations of each 
species. 
Key to studied taxa according to non-glandular tri-
chomes
Based on our results of trichomes morphology and den-
sity of Lagochilus species, we proposed that the type of 
indumentum can be used as a significant trait for iden-
tification of the examined taxa. Among non-glandular 
trichomes, size, cell number and density are considered as 
valuable, therefore, a key to the studied taxa of Lagochilus 
according to the result of the non-glandular trichomes 
are given below.
Conclusion
According to the Plant List (Govaerts et al. 2013), some 
of species and infraspecific taxa currently recognized as 
synonyms (e.g., L. lasiocalyx, , L. aucheri ssp. aucheri var. 
elegans and L. aucheri ssp. aucheri var. tomentosus), while, 
based on micromorphological results were presented here, 
all known species and infraspecific taxa were delimited. 
In conclusion, the present study provides micromor-
phological and palynological characteristics of the genus 
Lagochilus that would be applicable in identification, 
1 a. Leaves only with unicellular trichomes shorter than 50 µm......................
...............................................................................................................  L. cabulicus
b. Leaves with unicellular trichomes both shorter and longer than 50 µm
..................................................................................................................................  2
2 a. Leaves with unicellular trichomes range 50-200 µm...................................
..................................................................................................................................  3
b. Leaves with unicellular trichomes range 200-300 µm................................
.................................................................  L. aucheri ssp. aucheri var. aucheri 3
3 a. Stems only with unicellular trichomes..............................................................
..................................................................................................................................  4
b. Stems both with uni- and multi-cellular trichomes.....................................
..................................................................................................................................  5
4 a. Stems with unicellular trichomes shorter than 50 µm.................................
......................................................................................................  L. macracanthus
b. Stems with unicellular trichomes longer than 50 µm..................................
..................................................................................................................................  6
5 a. Stems both with uni- and bicelled trichomes..................................................
..................................................................................................................................  7
b. Stems both with uni- and tricelled trichomes................................................
..................................................................................................................................  8
6 a. Calyces with short unicellular trichomes up to 100 µm..............................
.................................................................  L. aucheri ssp. aucheri var. aucheri 1
b. Calyces with bicelled trichomes range 100-200 µm.....................................
.............................................................  L. aucheri ssp. aucheri var. tomentosus
7 a. Stems with short unicellular trichomes (50-200 µm), calyces only with 
unicellular trichomes..................................................................................................
.................................................................  L. aucheri ssp. aucheri var. aucheri 2
b. Stems with long unicellular trichomes (1000-2000 µm), calyces with 
uni- and tricelled trichomes.....................................................................................
............................................................  L. aucheri ssp. aucheri var. kotschyanus
8 a. Calyces with uni- and bicelled trichomes........................................................
..................................................................................................................................  9
b. Calyces with uni- and tricelled trichomes.......................................................
...............................................................................................................  L. lasiocalyx
9 a. Calyces with bicelled trichomes range 500-1000 µm, without four-celled 
trichomes........................................................................................................................
.................................................................................................................  L. alutaceus
b. Calyces with bicelled trichomes ranges 100-200 µm, with four-celled 
trichomes........................................................................................................................
......................................................................  L. aucheri ssp. aucheri var. elegans
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delimitation and classification of the genus; however, 
Phylogenetic and morphological studies of Lagochilus, 
based on complete sampling will be necessary to confirm 
existence of new taxa and to illuminate the intraspecific 
relationships of the genus. 
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The genus Lallemantia (Lamiaceae) comprises of 5 species 
which are widely distributed in Afghanistan, China, India, 
Kazakhstan, Kyrgyzstan, Pakistan, Iran, Russia, Tajiki-
stan, Turkmenistan, Uzbekistan, SW Asia and Europe, 
with the Caucasian region as the center of origin. All 5 
Lallemantia species are found in Iran (Rechinger 1982). The 
species of Lallemantia are herbaceous plants, characterized 
by simple leaves; a thyrsoid, spike-like or oblong, often 
interrupted inflorescence; ovate to rotund or sometimes 
linear, aristate-toothed bracteoles; and oblong, trigonous, 
smooth and mucilaginous nutlets (Harley et al. 2004). The 
genus Lallemantia is closely related to Dracocephalum L., 
but it differs from Dracocephalum in having the upper lip 
of corolla with two internal longitudinal folds and dis-
tinctively 15-veins bracteoles which are aristate-dentate 
(Edmondson 1982). The Lallemantia species have been 
adopted as a source of food and medicine. For example, 
L. iberica (M.Bieb.) Fisch. & C.A. Mey. is consumed as an 
oil-seed plant in Iran and the USSR (Rivera-Nunez and 
Obonde-Gastro 1992; Dinç et al. 2009), furthermore, L. 
royleana (Benth.) Benth. seeds have significant antibacte-
rial properties and are a good remedy for skin diseases 
and the gastro-intestinal maladies (Mahmood et al. 2013).
Research on the nutlet in Lamiaceae has demonstrated 
that it is efficacious at various echelons of the taxonomic 
hierarchy to varying degrees. Specifically, pertained to 
myxocarpy (i.e. the phenomenon of mucilage production 
when the nutlets get wet), the anatomy of the pericarp in 
the family Lamiaceae has also been deemed an extremely 
useful taxonomic feature (Harley et al. 2004; Moon and 
Hong 2006; Dinç et al. 2009). The anatomical data as 
well as the nutlet surface sculpturing patterns have been 
proven to have a wide range of variation and diagnostic 
value for species recognition and taxonomy of Lamiaceae 
(e.g., Kaya et al. 2007; Alan et al. 2010; Kahraman et al. 
2010a,b; Celep et al. 2014).
The molecular systematic investigations in the plants 
are carried out for different purposes: species delimita-
tion, population divergence, species relationships, date of 
divergence determination, etc. (Broadhurst et al. 2004; 
Millar et al. 2011). Different molecular markers have been 
utilized to accomplish the tasks, e.g., AFLP (Amplified 
Fragments Length Polymorphism), SSRs (Simple Sequence 
Repeats), ISSRs (Inter-Simple Sequence Repeats). (Sheidai 
et al. 2012, 2013, 2014; Minaeifar et al. 2015). Both within 
and between the plant species, the technique of ISSR has 
been employed extensively for assessing the genetic as-
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sociations. Apart from being easy and proffering a quick 
screen for the DNA polymorphism, ISSR only requires 
just infinitesimal amounts of DNA. Moreover, it does not 
need the information on the DNA template sequence. The 
molecular markers used in the phylogenetic investigations 
in plant groups are based on the investigation of nuclear 
ribosomal DNA and chloroplast genes and spacers (e.g., 
Olmstead and Palmer 1994; Zhang et al. 2015; Minaeifar 
et al. 2016). There is a consensus on the combination 
and simultaneous analysis of all the available data sets 
(Byrne 2003; Bakker et al. 2004). The ISSR and cpDNA 
information were used in the present study because these 
molecular markers are efficient for the species delimita-
tion and the determination of the species relationships 
(Sheidai et al. 2013; Minaeifar et al. 2016). 
Limited literature exists on the biosystematics stud-
ies on the genus Lallemantia. Dinç et al. (2009) reported 
the micro-morphological features of pollen, nutlet and 
trichome in three species of L. iberica, L. canescens (L.) 
Fisch. & C.A.Mey. and L. peltata (L.) Fisch. & C.A.Mey. 
occurring in Turkey. Alan et al. (2010) studied the ana-
tomical facets in stem, leaf and root of the same species 
and Özcan et al. (2015) reported the chromosome number 
(2n = 14) for them. 
Similarly, only a few biosystematic and molecular 
studies have been reported on the genus Lallemantia 
in Iran. Talebi and Rezakhanlou (2010) carried out the 
morphological analysis of all 5 species, while Dolatyari 
and Kamrani (2015) reported the karyotype features of 
four species. Jamzad et al. (2000) displayed a close kinship 
between Nepeta L. to Lallemantia, and their distinction 
from Dracocephalum. Additionally, according to Kamrani 
and Riyahi (2017) Lallemantia is a monophyletic genus.
In the present study, biosystematics investigation of 
the genus Lallemantia was performed using the morpho-
logical, anatomical and seed characters. Furthermore, the 
molecular analyses of all 5 species were carried out by 
the nuclear ISSR and the chloroplast DNA sequences to 
reveal the species delimitation and species relationships 
(Sheidai et al. 2013; Minaeifar et al. 2016). 
Material and methods 
Plant materials
Field investigations and collections were carried out in 
2013-2015. For this study, 42 specimens of 5 species (Lal-
lemantia royleana, L. canescens, L. baldschuanica Gontsch., 
L. iberica and L. peltate) were randomly collected from 
different geographic populations. Voucher specimens are 
deposited in Herbarium of Shahid Beheshti University 
(HSBU) (Table 1).
Morphometry and anatomy
Morphological characters studied displayed in Table 2.
For anatomical studies embedded materials were pre-
pared as follows: three adult plants samples were excised 
and immediately fixed in formalin-acetic acid-alcohol 
(FAA) (formalin 5%, acetic acid 5% and 50% ethanol 
90%) ( Jensen 1962) for 48 to 72 h, and stored at 4 °C until 
sectioning. Samples then dehydrated in a graded ethanol 
series and embedded. After preparation of free transverse 
hand sections of the lamina and stem samples were washed 
Species Locality Voucher 
specimens
Accession number 
for cp-DNA study 
L. peltata Tehran 2014370 -
L. peltata Alborz 2014371 MH453501
L. canescens Qazvin 2014372 MH453498
L. canescens West Azerbaijan 2014373 -
L. canescens Zanjan 2014374 -
L. baldshuanica Khorasan, Kalat 2014375 MH453499
L. iberica Qazvin 2014376 -
L. iberica West Azerbaijan 2014377 -
L. iberica Zanjan 2014378 MH453500
L. iberica Markazi 2014379 -
L. iberica Kermanshah 2014380 -
L. royleana Qazvin 2014381 -
L. royleana Markazi 2014382 -
L. royleana Mazandaran 2014383 -
L. royleana Qom 2014384 -
L. royleana Khorasan 2014385 MH453497
L. royleana Tehran 2014386 -
L. royleana Kerman 2014387 -
L. royleana Shiraz 2014388 -
Table 1. Lallemantia species, their locality and voucher specimens.
Characters The state of character
Plant habitat 1) annual; 2) biannual 
Shape of bracteole 1) oval; 2) wedge; 3) circular
Plant height
Length of basal leaf
Width of basal leaf
Length of petiole
Length of stem leaf






Table 2. Morphological characters studied in Lallemantia species.
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with distilled water and placed in 5% sodium hypochlorite 
solution for 20 min for clearing and rinsed with distilled 
water. The sections were stained with methylene blue and 
carmine and mounted on the slides using Canada balsam. 
Thin cut sections were observed under a microscope fit-
ted with digital camera. Anatomical characters of stem 
and leaf were recorded in Table 3.
Nutlet 
For scanning electron microscopy (SEM), nutlet samples 
were mounted on stubs using double-sided adhesive tape 
and coated with gold. The specimens were examined with 
a Phillips × L20 SEM. UTHSCSA Image Tool Version 3.0 
was used to carry out required measurements. Nutlet 
characters were randomly measured and were used in 
phenetic analyses (Table 4). 
Molecular studies
According to Sheidai et al. (2018) and Koohdar and Sheidai 
(2019), ISSR and cpDNA data were used for the purpose 
of studying the spices delimitation and relationships in 
Lallemantia genus. Nepeta L. (accession number: KT178247) 
and Paeonia L. (accession number: KJ946020.1) were used 
as outgroups.
Data analyses
Species differences for morphological characters were 
investigated by ANOVA (Analysis of Variance) (Podani 
2000). For multivariate morphological analyses, quanti-
tative characters were divided into discrete groups and 
along with qualitative characters were coded as multistate 
characters. Grouping of the species was done by different 
ordination methods such MDS (Multidimensional scal-
ing), and PCA (Principal components analysis) (Podani 
2000). PCA was performed to identify the most variable 
morphological characters among the species studied 
(Podani 2000). PAST version 2.17 (Hammer et al. 2012) 
was used for multivariate analysis.
ANOVA was also performed to show anatomical dif-
ference among the species. Anatomical characters were 
first standardized (mean = 0, variance = 1) and used to 
establish Euclidean distance among pairs of taxa (Podani 
2000). For grouping of the plant specimens, MDS was 
used (Podani 2000). PAST version 2.17 (Hammer et al. 
2012) was used for multivariate analysis.
The ANOVA test was performed to show significant 
nutlet difference between the studied species. For grouping 
of the plant specimens, MDS was used. Nutlet data was 
standardized (mean = 0, variance = 1) for these analyses 
(Podani 2000). PCA was performed to identify the most 
variable nutlet characters among the populations studied.
No Character
1 Thickness of epidermis in stem
2 Thickness of collenchymas in stem 
3 Thickness of parenchyma in stem 
4 Thickness of sclerenchyma in stem 
5 Thickness of upper phloem in stem 
6 Thickness of lower phloem in stem 
7 Thickness of xylem in stem 
8 Thickness of pith in stem 
9 Thickness of epidermis in cross section of stem
10 Thickness of simple trichomes in stem
11 Thickness of glandular trichomes in stem 
12 Thickness of upper epidermis in leaf
13 Thickness of lower epidermis in leaf
14 Thickness of collenchymas in leaf
15 Thickness of parenchyma in leaf
16 Thickness of mesophyll in leaf
17 Thickness of upper phloem in leaf
18 Thickness of lower phloem in leaf
19 Thickness of xylem in leaf
20 Thickness of simple trichomes in leaf
Table 3. Anatomical characters studied in Lallemantia species.
Nutlets characters The state of character
Nutlet shape 1) oblong; 2) oblong-triangular; 3) triangular
The apex shape of nutlet 1) obtuse; 2) acute
Nutlet surface 1) rounded cell arrangement; 2) verrucate; 3) verrucate- rugulate
Nutlet color 1) brown; 2) black
Length of nutlet
Width of nutlet
Length of wall sculpturing
Width of wall sculpturing
Length of cord
Width of cord
Table 4. Nutlet characters studied in Lallemantia species.
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For ISSR analyses binary characters (presence = 1, 
absence = 0) were used to encode ISSR bands. NJ (neighbor 
joining) (Saitou and Nei 1987; Podani 2000) was used for 
grouping. Paleontological statistics (PAST) ver. 2.17 was 
used for analysis (Hammer et al. 2012).
In case of cp-DNA sequences analyses, several phylo-
genetic methods were applied. The intron in the gene for 
ribosomal protein L16 (rpL16) was aligned with MUSCLE 
(Robert, 2004) implemented in MEGA 5. The molecular clock 
test was performed as implemented in MEGA 5 (Tamura 
et al. 2011).  The test was done by comparing the ML value 
for the given topology with and without the molecular 
clock constraints under the Tamura and Nei (1993). Be-
fore estimating time of divergence, we used MEGA 5 to 
test the molecular clock and to find the best substitution 
model for the given sequences. The equal evolutionary 
rate of the studied sequences was rejected at a 5% signifi-
cance level and, therefore, we used the relaxed molecular 
clock model in further analyses (Minaeifar et al. 2016). 
Moreover, Hasegawa, Kishino and Yano model (HKY) 
Characters L. iberica L. royleana  L. peltata L. canescens L. baldshuanica
Plant habitat Annual Perennial Annual Annual Annual
Shape of bracteole Wedge Elliptic Rounded Wedge Elliptic
Plant height (cm) 20.5 26.3 24.9 9 20.62
Length of basal leaf (mm) 21.5 19.5 29.1 15.4 7.6
Width of basal leaf (mm) 13.5 8.2 15.9 11.8 4.5
Length of petiole of basal leaf (mm) 14 23.2 17 14.2 14
Length of stem leaf (mm) 16.5 28.4 31.1 7.6 26.8
Width of stem leaf (mm) 4 6.3 17.9 3.6 6.35
The length of bracteole (mm) 4.5 5 12.3 5.6 4.65
Width of bracteole (mm) 1 3.2 12.2 2.3 2.4
Length of calyx (mm) 7.5 18.7 16.2 6 10.3
Length of corolla (mm) 10.5 28.7 16.95 9.43 12.15
Length of nutlet (mm) 3.25 3.34 2.97 3 3.35
Table 5. Morphological data of Lallemantia species
Figure 1. PCA plot of morphological characters in Lallemantia species.
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was the best substitution model identified by model test 
as implemented in MEGA 5 (Tamura et al. 2011). 
BEAST v1.6.1 (Drummond et al. 2010a; Drummond 
et al. 2010b) was used for the Bayesian Markov chain 
Monte Carlo (MCMC) inferred analyses of the nucleotide 
sequence data (Rambaut and Drummond 2007). Nepeta L. 
(accession number: KT178247) and Paeonia L. (accession 
number: KJ946020.1) were used as out groups.
BEAUti (Bayesian Evolutionary Analysis Utility ver-
sion) v1.6.1 (Drummond et al. 2010a,b) was utilized to 
generate initial xml files for BEAST. A Yule process of 
speciation (a ‘pure birth’ process) was used as a tree prior 
for all the tree model analyses. The Yule tree prior is widely 
recognized as giving the best-fit model for trees describing 
the relationships between different species (Drummond 
et al. 2010a,b) and can be regarded as explaining the net 
speciation rate (Nee 2006). For the MCMC analysis, the 
chain length was 10000000. After discarding 100 trees 
representing the burn-in, 10000 trees were used for the 
analysis. The BEAUti xml file was run in BEAST v1.6.1 
(Drummond et al. 2010a, 2010b). Because no fossils 
were available for the studied species, we assumed a rate 
of evolution of the plastid sequence (u = 1.0 x 10-9 s s-1 
year-1; Zurawski et al. 1984; Minaeifar et al. 2016). This 
was included in the option of molecular clock model 
in BEAUti v1.6.1. The normal distribution (mean = 0; 
standard deviation = 1) was used for priors. 
Tracer v1.5 (Drummond and Rambaut 2007) was used 
to examine sampling and convergence. Tree Annotator 
v1.6.1 (Drummond and Rambaut 2007) was used to an-
notate the phylogenetic results generated by BEAST to 
form a single ‘target’ tree (Maximum Clade Credibility 
tree, MCC) including summary statistics. FigTree v1.3.1 




Details of mean of morphological characteristics in five 
studied species are provided in Table 5.
The ANOVA test showed significant difference (p < 
0.05) for quantitative morphological characters among 
Lallemantia species. Different ordination methods like 
PCA and MDS produced similar results. PCA and MDS 
plots of morphological characters (Figs. 1 and 2) separated 
the studied species from each other. In this plot, L. iberica 
and L. canescens were placed close to each other, while L. 
peltata was placed far from the others due to diference 
in characters width of stem leaf , the length of bracteole 
and width of bracteole. 
PCA analysis revealed that the first 3 components 
comprised about 88% of total morphological variability. 
In the first PCA components with about 57% of total 
variation, characters like length of basal leaf, width of 
stem leaf, length of bracteole, width of bracteole, shape of 
bracteole showed the highest positive correlation (> 0.80). 
Figure 2. MDS plot of morphological characters in Lallemantia species.
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The length of corolla, shape of inflorescence, life-history 
strategy, showed the highest positive correlation (> 0.80) 
with the second PCA component. These characters may 
be used in taxonomy of the genus and delimiting Lal-
lemantia species.
Anatomy
The detailed descriptions of the anatomical features in the 
studied species are displayed in Table 6. The representative 
anatomy of each species is displayed in Figures 3 and 4. 
The stems in the cross section have a square form with 
pronounced angles and are covered with a one-layered epi-
dermis. Collenchyma is single layered among the angles, 
but 5-10 layers of collenchyma are observed below the 
epidermis at the angles. Phloem and xylem were regular 
cylinders. The highest epidermis (32.2 µm), collenchyma 
(238.1 µm), parenchyma (91.5 µm), sclerenchyma (37.7 µm), 
Characters L. canescens L. peltata L. iberica L. royleana
Thickness of epidermis in stem 28 32.2 25.8 28.6
Thickness of collenchyma in stem 181.6 238.1 224.2 126.9
Thickness of parenchyma in stem 67.9 91.5 67.8 48.6
Thickness of sclerenchyma in stem 27.3 37.7 33 30
Thickness of upper phloem in stem 38.2 50.8 56.6 39.1
Thickness of lower phloem in stem 168.7 180.07 179.5 156.9
Thickness of xylem in stem 67.4 87.02 63.4 57.8
Thickness of pith in stem 1596.3 993.42 1196.9 937.4
Thickness of epidermis in cross section of stem 2041.6 1511.9 1939.8 1362.4
Thickness of simple trichomes in stem 107.8 108.6 104.8 118.6
Thickness of glandular trichomes in stem 29.1 27.5 40.08 35.8
Thickness of upper epidermis in leaf 20.0 20.8 22.3 17.1
Thickness of lower epidermis in leaf 26.6 17.75 21.00 27.3
Thickness of collenchyma in leaf 42.7 37.4 41.2 60.1
Thickness of parenchyma in leaf 92.6 60.8 86.0 94.7
Thickness of mesophyll in leaf 195.5 171.6 188.8 272.5
Thickness of upper phloem in leaf 29.7 36.9 34.9 37.5
Thickness of lower phloem in leaf 31.67 29.50 26.40 34.00
Thickness of xylem in leaf 85.0 47.7 38.9 60.1
Thickness of simple trichomes in leaf 75.00 64.50 53.40 79.67
Table 6. Anatomical data of Lallemantia species.
Figure 3. Appearance of stem in Lallemantia species. Figure 4. Appearance of leaf in Lallemantia species.
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xylem (180.07 µm) and lower phloem (87.02 µm) length in 
stem was observed in L. peltata while L. canescens had the 
highest value length of pith in stem (1596.3 µm), length 
of stem in transverse transects (2041.6 µm) and width of 
stem in transverse transects (1881.3 µm). 
All of the leaves in the sections were bifacial (dorsi-
ventral and amphistomatic mesophyll) type and were 
composed of one layered epidermis. The highest length 
of the lower epidermis (27.3 µm), collenchyma (60.1 µm), 
parenchyma (94.7 µm), mesophyll (272.5 µm), upper 
phloem (37.5 µm) and lower phloem (34.00 µm) in leaf 
was observed in L. royleana.  The ANOVA test exhibited 
significant difference (p < 0.05) for the quantitative ana-
tomical characters among Lallemantia species. 
The MDS plot of the anatomical characters (Fig. 5) 
separated the scrutinized species from one another. In 
this plot, L. iberica and L. canescens were placed close to 
each other because of the traits such as the number of 
layers in collenchyma and parenchyma in stem; L. peltata, 
however due to its shape of collenchyma and L. royleana 
were placed far from the others.
Nutlet
The details for mean of the nutlet characteristics in 5 stud-
ied species are depicted in Table 7. The SEM micrographs 
of nutlets are presented in Figure 6. The shapes of nutlets 
are oblong in L. royleana and L. baldshuanica, triangular 
in L. peltata and oblong-triangular in L. canescens and L. 
Characters L. iberica L. royleana L. peltata L. canescens L. baldshuanica
Nutlet shape Oblong Oblong-triangular Triangular Oblong Oblong triangular
The apex shape of nutlet Obtuse Acute Acute Obtuse Acute
Nutlet surface Rounded cell arrangement Verrucate Verrucate- rugulate Rounded cell arrangement Verrucate
Color Black Black Black Black Black
Length of nutlet (µm) 3554 2664 2538 3448 3021
Width of nutlet (µm) 1115.2 1400 959.48 978 1650
Length of cord nutlet (µm) 202.69 865 645.76 219 951.29
Width of cord nutlet (µm) 269.91 721 351.81 338 897.2
Length of wall sculpturing (µm) 47.74 52.32 40.86 72.59 56.75
Width of wall sculpturing (µm) 41.42 41.48 27.97 28.4 26.28
Table 7. Nutlet data of Lallemantia species.
Figure 5. MDS plot of anatomical characters in Lallemantia species.
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iberica. The colors of nutlet in all the examined species 
alter from brown to black. The apex of nutlet is obtuse 
or acute. The nutlet surface is verrucate-rugulate in L. 
peltata, verrucate in L. iberica and L. canescens and rounded 
cell arrangement in L. royleana and L. baldshuanica. The 
highest length of nutlet (3.55 µm), width of nutlet (1.64 
µm), length of cord nutlet (951.29 µm), width of cord 
nutlet (897.2) were observed in L. iberica while L. peltata 
had the highest value length of wall sculpturing (1596.3 
µm). The highest length of wall sculpturing was observed 
in L. royleana (72.59 µm). 
ANOVA revealed significant difference in the nutlet 
quantitative characters. The MDS plot (Fig.7) of nutlet 
showed that while L. iberica, L. canescens, L. baldshuanica 
and L. royleana were placed close to one another, L. peltata 
was placed far from the others.
ISSR analyses
Almost all the ISSR primers produced bands were used and 
finally a data matrix of 42 × 104 was formed for further 
analysis. The highest number of the bands was observed 
in L. royleana (53) and L. peltata (45), while L. baldshuanica 
had the lowest value (21). L. baldshuanica, L. iberica and L. 
canescens had 3, 1 and 1 unique bands, respectively, the 
other bands were common in the studied samples.
The NJ tree of ISSR data (Fig. 8) grouped the speci-
mens of each species together in a single cluster, separated 
from the other species. This means that ISSR molecular 
markers are of taxonomic value and can delimit the 
Lallemantia species. The NJ tree showed closer genetic 
affinity between L. iberica and L. canescens while L. peltata 
differes from the others. 
Species relationship based on cpDNA sequences
After Cp-DNA multiple sequence alignment by MUltiple 
Sequence Comparison by Log-Expectation (MUSCLE) and 
curing the sequences, 385 sequences remained for phylo-
genetic tree construction. Out of these 91 sequences was 
parsimony informative. Different phylogenetic analyses 
produced similar results. Therefore, only maximum likeli-
hood (ML) and Bayesian phylogenetic tree are presented 
(Figs. 9a and b). In both phylogenetic trees, L. canescens, 
and L. iberica were placed close to each other in a single 
clade. In both analyses, the out-group was separated from 
the other species studied.
Species divergence time  
In order to choose the type of the nucleotide evolu-
tion in BEAST, the molecular clock test was performed 
by comparing the ML value for the given topology with 
and without the molecular clock constraints under the 
Kimura 2-parameter model (+G). The null hypothesis 
of the equal evolutionary rate throughout the tree was 
rejected at a 5% significance level (P = 0.016). Hence, the 
relaxed molecular clock was utilized in further analysis. 
The Bayesian tree (phylogram) of BEAST is provided in 
Fig. 9c.
The oldest node of Lallemantia appeared in Iran about 
25 Mya, followed by the node that led to the formation 
of L. royleana and L. peltata in about 23 Mya. The elicited 
tree dates back the L. baldshuanica appearance to about 15 
Mya.  However, active radiation occurred from 12-13 Mya. 
Figure 6. General appearance and surface details of nutlets of Lalle-
mantia species. a, b: L. royleana; c, d: L. baldshuanica; e, f: L. canescens; 




The morphometric, anatomical data, nutlet features and 
molecular data which were obtained after this study 
could differentiate the Lallemantia species efficaciously. 
Dinç et al. (2009) gives confidence to the above statement 
by their previous study. The present study revealed that 
the gleaned species relationship based on the molecular 
data almost agrees with the morphological, anatomical 
and nutlet micro-morphological data. The only dif-
ference between these two types of data is found in L. 
baldshuanica. The species relationship presented here is 
supported also by the morphological studies of Talebi 
and Rezakhanlou (2010).
The nutlet surface sculpturing patterns as seen by SEM 
demonstrate a vast array of variation and have diagnos-
tic value for species recognition in the tribe Mentheae 
( Jamzad et al. 2000; Moon and Hong 2006; Kaya and 
Baser 2007). Nevertheless, in Lallemantia, external nutlet 
characters and nutlet surface sculpturing patterns are 
clearly a good indicator for the interspecific classification.
From the findings obtained from the previous studies, 
it can be concluded that the anatomical characteristics are 
as useful as taxonomic characters at the species level in 
Lamiaceae (Pădure 2003).The stems of it in cross section 
have a square form with pronounced angles and are cov-
ered with a one-layered epidermis. Collenchyma is single 
layered among the angles, but 5-10 layers of collenchyma 
are observed below the epidermis at the angles. Phloem 
and xylem were regular cylinders. The highest epidermis, 
collenchyma, parenchyma, sclerenchyma, xylem, and 
lower phloem length in stem was observed in L. peltata 
while L. canescens had the highest value length of pith in 
stem, length of stem in transverse transects and width 
of stem in transverse (1881.3 µm). All of the leaves in the 
sections were bifacial (dorsiventral and amphistomatic 
mesophyll) type and were composed of one layered epider-
mis. The highest length of lower epidermis, collenchyma, 
parenchyma, mesophyll, upper phloem and lower phloem 
in leaf were observed in L. royleana.  
According to our BEAST results, the node leading to 
the formation of royleana appeared in Iran about 23 Mya; 
therefore, it can be stated that L. royleana appeared first 
in Khorasan province and then due to population genetic 
divergence, L. baldshuanica was formed about 15 Mya in 
Khorasan province. 
L. baldshuanica showed close genetic affinity with L. 
iberica and L. canescens. These two latter species occur in 
Zanjan and Qazvin provinces that are in the vicinity of 
Tehran in the North-West part of Iran. It may also be safe 
to conclude that the process of speciation and migration 
had occurred from East towards West of Iran; the for-
mation of L. iberica and L. canescens seems to have taken 
placed in these regions, too. 
High physiographical heterogeneity is considered to 
be a major influence on the high floral diversity (Grimm 
and Denk 2014). One component of this heterogeneity 
is a series of mountains extending from West to the 
Figure 7. MDS plot of seed characters in Lallemantia species.
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Northeast of Iran where Lallemantia species are grow-
ing. The Lallemantia species are distributed in different 
ecological regions with altitude of -20 to 1500 meters high 
from sea level in Iran. This extensive heterogeneity may 
bring about some degree of genetic differentiation and 
accelerate the speciation process witnessed in Western 
Iran. The active speciation during 12-13 Mya in these 
mountainous regions may be due to their reactions to 
the Pleistocene glaciations.
The palaeogeographic reconstructions signal that the 
area corresponding to the Southern part of the present 
Alborz Mountains was not depositional/ erosional and 
most likely formed a mountain range since the Late Cre-
taceous time at ca. 65 Ma. Unlike the southern section of 
Alborz, however, the northern section is a geologically 
younger area which was subsiding under the Paratethys 
Ocean until the middle Miocene about 10-15 Mya (Berbe-
rian and King 1981).This is in agreement with the earlier 
appearance of L. peltata in Alborz mountain than the 
other studied species appeared in the Western region of 
Zagros mountain, like L. iberica and L. canescens appear-
ing most recently in Zanjan and Qazvin. Kuhle (2008) in 
his glacio-geomorphological study of Iran estimated the 
snowline descent to be approximately 1400 to1600 m with 
temperature decline of 11 to 15 °C, and the occurrence 
of Pleistocene glaciation in Zagros.
Drew and Systma (2012) studied the biogeography of 
the tribe Mentheae by using ITS molecular data and L. 
canescens as the representative of Lallemantia. They took 
the Miocene period (about 11 Mya) to be the probable 
divergence time for L. canescens; this finding was in ac-
Figure 8. Neighbor joining tree of ISSR data in the studied Lallemantia 
species. 1: L. canescens; 2: L. royleana; 3: L. peltata; 4: L. iberica; 5: L. 
baldshuanica.
Figure 9. a: Bayesian phylogenetic tree; b: Maximum likelihood phy-
logenetic tree of Lallemantia species based on the cp-DNA dataset 
(rpL16). Values of all branches are above 90% bootstrap values. Scale: 
million years ago. c: Phylogenetic tree and chronogram using BEAST 
Bayesian inference based on the cp-DNA dataset (rpL16). Values at 
left of nodes on the tree are bootstrap support above, and posterior 
probability below. At the right of nodes are the estimated dating values 
and their 95% HPD from BEAST..
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cordance with the present paper.
In conclusion, the present study revealed the taxonomic 
implication of the multiple data sets in Lallemantia species 
delimitation and also uncovered the species relationship. 
The monophyly of the genus Lallemantia was shown 
through the phylogenetic trees.
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Endophytes are a group of microorganisms known to 
colonize plant tissues asymptomatically. They render 
numerous benefits to the host plants, which include 
protecting host plants against pathogens, herbivores and 
insect pests (Rúa et al. 2013); enhancing tolerance towards 
unfavourable environmental conditions (Naveed et al. 
2014; Zhang et al. 2011); and stimulating plant growth 
(Nascimento et al. 2016). Endophytes that are biocontrol 
agents (BCAs), typically have multiple mechanisms to 
suppress pathogen; via inhibitory compounds, induced 
host resistance, and by improving growth and vigour of 
host plants. 
Several endophytic species have been reported to 
stimulate plant growth successfully. They include Pen-
icillium chrysogenum, P. crustosum, Piriformospora indica, 
Serratia quinivorans, Bacillus cereus, B. subtilis, Pseudomonas 
aeruginosa and Pantoea amanatis (Sirrenberg et al. 2007; 
Nascimento et al. 2016; Hassan 2017; Wu et al. 2018). 
These endophytes stimulate plant growth by solubilising 
phosphate (P. chrysogenum, P. crustosum, B. cereus, B. subtilis), 
producing iron-chelating siderophores (Ps. aeruginosa), 
producing indole-acetic acid to stimulate root growth (Pi. 
indica), and by modulation of the hormone ethylene via the 
deaminase activity of 1-aminocyclopropane carboxylic 
acid (Pa. amanatis). Improved plant growth is important 
as it contributes to plant vigour and delays disease pro-
gression and the onset of disease symptoms (Ting 2014). 
In this study, the growth-promoting activities of 
metal-tolerant endophytes were investigated under metal 
stress. Metal-tolerant endophytes are a new group of bio-
control agents that are hypothesized to render benefits to 
host plants in metal-laden soils. In earlier studies, these 
metal-tolerant endophytes were discovered to demon-
strate biocontrol activities towards Ganoderma boninense, 
a causal agent of Basal Stem Rot disease of oil palm (Sim 
et al. 2019a, 2019b, 2019c). In those studies, the mecha-
nisms of action were attributed to antifungal compounds 
produced. For this study, the ability of metal-tolerant 
endophytes in promoting plant-growth is determined. 
This observation is important as it suggests the potential 
role of metal-tolerant endophytic biocontrol agents in 
enhancing plant growth in the presence of metals and 
pathogen. Furthermore, various landscapes are now 
being used for oil palm planting; from desirable inland 
top-soils, to undesirable peat swamp and acid sulphate 
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soils. While inland terrain soils are suitable soils, peat and 
acid sulphate soils are acidic and has bioavailable forms 
of metal cations such as copper (Cu2+), lead (Pb2+), zinc 
(Zn2+) and cadmium (Cd2+), prompting the exploration 
of metal-tolerant endophytes. According to Zarcinas et 
al. (2004), Cu2+ levels in soils were between 10.1-47.2 mg 
kg-1, for Zn2+ between 27.6-40.0 mg kg-1, for Pb2+ between 
23.9-29.0 mg kg-1, and between 0.1-0.4 mg kg-1 for Cd2+. 
With the presence of metals in soils, plant growth is 
generally affected due to metal toxicity. Therefore, to 
mitigate this, metal-tolerant endophytes with plant growth 
promoting properties (in addition to biocontrol potential) 
are investigated for potential as biocontrol agents. This 
is to enable the management of disease via plant growth 
promotion, albeit under metal stress conditions.
This study aims to establish the role of these endo-
phytes in promoting plant growth, and this was evaluated 
under the influence of metal-stress, as the endophytes used 
are metal-tolerant endophytes. The endophytes were first 
tested via in vitro assays to determine their expression of 
plant growth-promoting attributes. The endophytes were 
exposed to conditions with and without metal stress, 
and the productions of the following compounds (or 
their activities) were quantified: indole-acetic acid (IAA), 
siderophore, phosphate solubilisation, and deaminase 
activity of 1-aminocyclopropane carboxylic acid (ACC). 
Two isolates with the most promising activities were 
subsequently selected for inoculation to oil palm ramets 
to validate their impact on growth (height, weight, root 
mass and stem circumference). This study is one of the few 
publications documenting the influence of metals on the 
growth-promoting activities of metal-tolerant biocontrol 
endophytes. This provides an overview of the possible 
use of these endophytes to improve plant growth and 
vigour, and in suppressing disease in metal-laden soils.
Materials and methods 
Both in vitro and in vivo tests were performed to evaluate 
the growth promoting activities of the metal-tolerant 
biocontrol endophytes. The in vitro tests involved quanti-
fication of indole-acetic acid (IAA), siderophore produc-
tion, phosphate solubilisation, and deaminase activity of 
1-aminocyclopropane carboxylic acid (ACC) produced 
by the endophytes. In the in vivo assessment, growth 
parameters such as height, weight, root mass and stem 
circumference were measured to determine plant-growth 
promoting activities of two selected endophytes. Both in 
vitro and in vivo tests were carried out in conditions under 
metal-stress and in the absence of metal stress. 
Culture establishment of endophytes and preparation 
of metal solutions
Five metal-tolerant endophytes previously identified by 
Sim et al. (2018) as Bipolaris sp. LF7 (GenBank accession 
no. KX510121), Diaporthe miriciae LF9 (GenBank accession 
no. KX398059), Trichoderma asperellum LF11 (GenBank 
accession no. KX510127), Phomopsis asparagi LF15 (Gen-
Bank accession no. KX510125) and Saccharicola bicolor 
LF22 (GenBank accession no. KX510132), were selected 
for this study. These endophytes were isolated from the 
phytoremediator plant Phragmites sp. and demonstrat-
ed strong antifungal activities towards the pathogen 
Ganoderma boninense: they were able to suppress disease 
development when applied to oil palm seedlings (Sim et 
al. 2019a, 2019b). The isolates were cultured, incubated 
and maintained on Potato Dextrose Agar (PDA, Merck) 
(7 days, 25 ± 2 oC) for subsequent tests.
Stock solutions of various metal solutions were pre-
pared to 1000 mg L-1. This includes for Cd(NO3)2·4H2O 
(Aldrich Chemical), Cu(NO3)2·3H2O (Riendemann Schmidt 
Chemical), Pb(NO3)2 (Emsure) and Zn(NO3)2·6H2O (R&M 
Chemicals). Prepared stock solutions were diluted to 
concentrations of 10 and 25 mg L-1 (additional 50 mg L-1 
for Cu2+). The working solutions was adjusted to pH 5 
using 0.1 M HCl and 0.1 M NaOH.
Production of indole-acetic acid (IAA)
Three mycelial plugs of each endophyte (5 mm diameter) 
were inoculated into 100 mL of Potato Dextrose Broth 
(PDB, Merck) supplemented with 100 mg L-1 tryptophan 
and incubated at 25 ± 2 oC for 28 days. After every 7-day 
interval, 5 mL of the culture was pipetted into a falcon 
tube and centrifuged (25 ± 2 oC, 12 000 rpm, 10 min). 
The supernatant (1 mL) was collected, mixed with 2 mL 
of Salkowski reagent, and incubated in the dark for 20 
min prior to absorbance measurement at 535 nm (Babu 
et al. 2014). Standard curves were constructed from con-
centrations of 0-100 μg mL-1 and the IAA produced by the 
endophytes was determined. The influence of metals on 
the production of IAA was assayed by preparing a similar 
experimental set-up. The difference in this set-up is that 
that isolates were cultured in PDB supplemented with 
Cu2+, Pb2+, Zn2+, Cd2+ (at concentrations of 10 and 25 mg 
L-1 for each metal, an additional 50 mg L-1 for Cu2+). The 
supernatant obtained were subjected to similar assay 
conditions.
Production of siderophore
Production of siderophore by the endophytes was de-
termined via qualitative and quantitative assays. For 
qualitative analysis, Chrome azurol S (CAS) was used 
as an indirect method to indicate the production of 
siderophore. This dye competes with siderophores for 
iron. The endophytes were first qualitatively assessed 
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for siderophore production using the modified half CAS 
blue agar method (Machuca and Milagres 2003). The 
CAS blue agar was prepared according to Louden et al. 
(2011). Half of the agar (PDA) was cut and replaced with 
the CAS blue agar. The mycelial plug of the endophyte 
(5 mm diameter) was subsequently inoculated onto the 
PDA and incubated (28 days, 25 ± 2 oC). At every 7-day 
interval for the next 28 days, colour changes of the CAS 
agar were observed and measured. Deep colourisation 
of the CAS dye indicated that more iron bonded to the 
dye due to lesser siderophore production/competition. In 
contrast, lighter dye intensity indicated higher siderophore 
production/competition as less iron is available to bind 
to the dye (lighter intensity). This reflected that more 
iron is uptake by siderophores. The influence of metals 
on the production of siderophore was determined by 
preparing a similar CAS blue agar set-up, with the CAS 
agar supplemented with Cu2+, Pb2+, Zn2+, Cd2+ at 10 and 
25 mg L-1 (and an additional 50 mg L-1 for Cu2+).
The siderophore production by endophytes was also 
quantified. This quantitative assay is a less common ap-
proach used compared to the qualitative CAS blue agar 
technique. Nevertheless, it allows for the quantification 
of siderophores for comparative purpose. Three mycelial 
plugs of each endophyte were firstly inoculated into 100 
mL PDB (28 days, 25 ± 2 oC). At every 7-day interval for 
the following 28 days, 1 mL of the supernatant was mixed 
with 1 mL of CAS solution and incubated for 60 min. Ab-
sorbance was read at 630 nm and siderophore production 
(%) was determined (Eq. 1) (Machuca and Milagres 2003). 
The influence of metals on the production of siderophore 
in broth was evaluated by preparing a similar set-up, using 
supernatant recovered from cultures established in PDB 
supplemented with Cu2+, Pb2+, Zn2+, Cd2+ at 10 and 25 mg 
L-1 (and an additional 50 mg L-1 for Cu2+). 
Production of siderophore (%) = (Initial absorbance-
Absorbance of sample) / Initial absorbance × 100%
Phosphate solubilisation
The endophytes (mycelial plug, 5 mm diameter) were 
inoculated onto Pikovskya’s agar (HiMedia Laboratories) 
and incubated (28 days, 25 ± 2 oC). Phosphate solubilisation 
is indicated by the formation of a clear halo zone on the 
agar. The phosphate solubilisation capacity of the endo-
phytes is quantified as phosphate solubilizing efficiency 
(SE, %) (Eq. 2). The SE (%) were observed for day 7th, 14th 
, 21st and 28th (Srivastav et al., 2004). To determine phos-
phate solubilisation activities of endophytes under metal 
stress, the procedure was repeated using Pikovskya’s agar 
supplemented with Cu2+, Pb2+, Zn2+, Cd2+ (at 10 and 25 mg 
L-1, and an additional 50 mg L-1 for Cu2+.
Solubilising efficiency (SE)(%) = (Diameter of solubiliza-
tion zone-Diameter of colony) / Diameter of colony × 100
Deaminase activity of 1-aminocyclopropane carboxylic 
acid (ACC) of endophytes 
Three mycelial plugs (5 mm diameter) of each endophyte 
were inoculated into flasks containing 100 mL PDB (28 
days, 25 ± 2 oC). The culture was allowed to grow and 
the mycelium was then filtered. The filtrate was collected 
and 200 μL was pipetted and reacted with 25 μL toluene 
and vortexed for 30 sec (Saleh and Glick 2001). Then, 
20 μL of 0.45 M ACC of the enzyme ACC was added 
and incubated at 30 oC. After 10 min, the reaction was 
stopped with 1 mL of 0.56 N HCl. The lysates were cen-
trifuged (10 000 g, 10 min), and 1 mL of the supernatant 
was pipetted and mixed with 800 μL of 0.56 N HCl and 
300 μL of 2,4-dinitrophenylhydrazine. The mixture was 
incubated (30 min, 30 oC) and added with 2 mL of 2 N 
NaOH. The absorbance was measured at 540 nm and the 
ACC deaminase activity was calculated based on standard 
curves constructed. The ACC deaminase activities by 
endophytes under the influence of metals was assayed by 
preparing a similar set-up, using endophyte suspension 
recovered from cultures established in PDB supplemented 
with Cu2+, Pb2+, Zn2+, Cd2+ at 10 and 25 mg L-1 (and an 
additional 50 mg L-1 for Cu2+). The assay was carried out 
in a similar manner.
In vivo plant growth promoting activities of selected 
endophytes
Two endophytic isolates (D. miriciae LF9 and T. asperel-
lum LF11) with the most promising results observed 
from the in vitro assays were selected. The isolates were 
first cultured in 250 mL PDB (14 days, 25 ± 2 oC). The 
mycelium was then homogenized using LabGen 125 
homogenizer (Cole-Parmer, USA) and the homogenized 
mycelium was adjusted to a concentration of 106 of colony 
forming unit (cfu mL-1) each. The adjusted inoculums 
were prepared in 100 mL and were used to inoculate the 
(Initial absorbance-Absorbance of sample)
Initial absorbance × 100
Production of siderophore (%) =
(Diameter of solubilization zone-Diameter of colony)
Diameter of colony × 100
Solubilising efficiency (SE)(%) =
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soils via soil-drenching. The tissue-cultured ramets, at 
3-4 leaf stage and 14-16 cm in height, were then planted 
into the drenched soils and allowed to grow in shade (28 
± 2 oC, 12 h photoperiod). For control, soil drenching 
was performed using sterile distilled water. Solutions 
for each metal (Cu2+, Pb2+, Zn2+, Cd2+ at 10 and 25 mg L-1; 
additional 50 mg L-1 for Cu2+) were used to water the soil 
to create metal-laden soils. Controls were established with 
endophyte-free ramets watered using sterile distilled 
water. Growth parameters such as height, weight, root 
mass and stem circumference were measured at 7th, 14th, 
21st and 28th day. 
Statistical analysis
All the experiments/assays were carried out in triplicates, 
with data analysed using ANOVA (Analysis of Variance). 
The means and standard deviations were compared with 
Tukey comparisons (HSD(0.05)) using the Statistical Packag-
ing for the Social Science (SPSS) (software version 20.0). 
Results and Discussion
Production of indole-acetic acid (IAA)
Lower levels of IAA were produced by endophytes sub-
jected to metal stress (0.74-21.77 μg mL-1) compared 
to non-metal conditions (control) (3.88-20.76 μg mL-1). 
Among the isolates tested, D. miriciae LF9 was the least 
affected (3.41-21.77 μg mL-1 IAA production) whilst T. 
asperellum LF11 was the most susceptible to presence of 
metals as minimal IAA levels were detected (1.33-5.83 μg 
mL-1) (Fig. 1). In the absence of metals, higher IAA produc-
tion by D. miriciae LF9 (20.76 μg mL-1), P. asparagi LF15 
(11.99 μg mL-1), S. bicolor LF22 (9.80 μg mL-1), Bipolaris sp. 
LF7 (5.16 μg mL-1) and T. asperellum LF11 (3.88 μg mL-1) 
(Fig. 1) were detected. This suggested that the produc-
tion of IAA and subsequently their growth promoting 
effect was influenced by the presence/absence of metals. 
Nevertheless, the production of IAA by all isolates under 
metal stress were somewhat maintained throughout the 
28 days (Supplementary Fig. 1), although the IAA levels 
were lower than observations from endophytes in non-
metal conditions. 
It was evident that metals affected the production of 
IAA by the isolates. This was also observed by Acuna et 
al. (2011) in which the presence of metals such as Fe and 
Al reduced IAA production by Bacillus sp. and Paenibacillus 
sp.. The reduction in IAA production under metal stress 
was presumably attributed to the complexation of metal 
cations with IAA (Du et al. 2011). This suggested that 
metals lowered the production of IAA, hampering root 
elongation (Hilbert et al. 2012; Sukumar et al. 2012) and 
Figure 1. Indole-acetic acid (IAA) (μg mL-1) produced by metal-tolerant endophytes (Bipolaris sp. LF7, D. miriciae LF9, T. asperellum LF11, P. asparagi 
LF15, S. bicolor LF22) after 28 days incubation with exposure to Cu2+, Pb2+, Zn2+ and Cd2+. Controls were incubations without metal supplementa-
tion. Bars indicate standard deviations of means (±SD). Means with the same letters for each isolate are not significantly different (HSD(0.05)).
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consequently implicating water and nutrient uptake. It 
was also interesting to note that the metal tolerance attri-
butes of the endophytes, did not render “immunity” to the 
isolates from the influence of metals on IAA production.
The production of IAA as a growth-promoting factor 
has been reported in various species of Trichoderma and 
Phomopsis. The low levels of IAA produced by T. asperellum 
LF11 (highest at 5.83 μg mL-1 IAA) was similar to obser-
vations by Gravel et al. (2007) that showed T. atroviride 
(another species of Trichoderma) producing only 6.20 μg 
mL-1 IAA. The production of IAA by P. asparagi LF15 in 
this study further strengthen the IAA-producing capacity 
of Phomopsis sp. This was also observed by Chen et al. 
(2011) and Chithra et al. (2017) in Phomopsis sp. isolated 
from Piper nigrum, and P. liquidambari from Bischofa poly-
carp, respectively. On the contrary, IAA production by S. 
bicolor LF22, D. miriciae LF9 as well as Bipolaris sp. LF7, 
were detected and reported for the first time. To sum-
marize, results here highlighted that presence of metals 
generally reduced the production of IAA in endophytes, 
subsequently leading to absence or weak stimulation 
of root growth in the presence of metals. And the met-
al-tolerant endophytes were also not exempted from this 
metal-IAA production interaction. 
Production of siderophore 
The plate assay revealed that in the presence of metals, 
the reaction rates by D. miriciae LF9 and T. asperellum 
LF11 were generally moderate (0.5-1.0 mm/day) whilst 
Bipolaris sp. LF7, P. asparagi LF15 as well as S. bicolor LF22 
showed mild CAS reaction rates (<0.5 mm/day) (Table 
1). The reaction rates remained throughout the 28 days 
(Supplementary Table 1). The reaction rates for endophytes 
in CAS plates without metals remained similar as well 
(Table 1). Since the observation using CAS blue agar was 
deemed to be preliminary, presumptive and inconclusive, 
the quantitative test was performed. 
The quantification of siderophore production re-
vealed that under the influence of various metals, sidero-
phore production was generally lower (8.82-90.26%) in 
most endophytes (except T. asperellum LF11) compared 
to non-metal solutions (66.75-84.44%). Isolates S. bicolor 
LF22, P. asparagi LF15, D. miriciae LF9 and Bipolaris sp. LF7, 
were susceptible to the presence of some of the metals, 
resulting in lower siderophore production; ranging from 
8.82-80.51%, 0.08-78.20%, 32.81-76.05% and 21.94-78.24%, 
respectively (Fig. 2). In the absence of metals, siderophore 
production was generally higher for all isolates; T. asperel-
lum LF11 (84.44%), P. asparagi LF15 (75.92%), D. miriciae 
LF9 (74.32%), Bipolaris sp. LF7 (73.70%) and S. bicolor 
LF22 (66.75%) (Fig. 2). Among the isolates, only isolate T. 
asperellum LF11 appeared to be less susceptible to metals 
with levels of siderophore production (19.21-90.26%) com-
parable to control. Nevertheless, siderophore production 
was maintained throughout the 28 days for the isolates, 
even in the presence of metal stress (Supplementary Fig. 
2). The discovery of siderophore production by P. asparagi 
LF15, D. miriciae LF9, Bipolaris sp. LF7 and S. bicolor LF22 
are relatively novel as limited reports are available on 
this. By contrast, the siderophore-producing attribute in 
T. asperellum LF11, is well known as it has been reported 
for other Trichoderma sp. such as Trichoderma virens (Babu 
et al. 2014). Trichoderma spp. are one of the most common 
filamentous fungi with siderophore-producing capacity, 
alongside Aspergillus spp. and Penicillum menonorum (Babu 
et al. 2015; Machuca and Milagres 2003).
The CAS assays also revealed that in some instances, 
the colour intensity does not reflect the CAS production of 
the endophytes. The lower concentrations of siderophore 
(from liquid medium) recorded, were attributed to the 
nature of this compound to form complexes with other 
metal cations other than the desired iron (Fe2+) (Dimkpa 
et al. 2008; Aguado-Santacruz et al. 2012). Since metal 
cations are abundant in this study, the siderophores could 
have bind easily to any cations supplemented (Cu2+, Pb2+, 
Zn2+, Cd2+). The ability of siderophores to bind to metal 
cations not only aids in enhancing tolerance to met-
al-stress conditions, it is also a means of bioremediation. 
This mechanism has been exploited to bind toxic metals 
and consequently removing the toxic metals from the 
Endophytes
Metal concentrations (mg L-1)
Cu Pb Zn Cd Control
10 25 50 10 25 10 25 10 25 0
Bipolaris sp. LF7 ± ± ± ± ± ± ± ± ± ±
D. miriciae LF9 ± ± ± ± + + + + + +
T. asperellum LF11 ± ± ± + + ± + + + +
P. asparagi LF15 ± ± ± ± ± + ± + + ±
S. bicolor LF22 ± ± ± ± ± ± ± ± ± ±
Note: ± for rates < 0.5 mm/day (mild) and + for rates between 0.5-1.0 mm/day (moderate)
Table 1 Chrome Azurol S (CAS) reaction rates of the isolates (mm/day) under the influence of metals after 28 days.
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environment. Thus, siderophore production is a highly 
valuable trait for biocontrol agents applied to metal-laden 
soils. With the production of siderophores, the biocontrol 
agents is expected to ameliorate the soil environment as 
toxic metals are removed, thus improving survivability of 
plants in metal-contaminated sites. Siderophores produced 
by biocontrol agents also deprives iron from pathogens, 
thus suppressing the growth of pathogens (Verma et al. 
2011; Yu et al. 2011; Beneduzi et al. 2012). 
Phosphate solubilisation
Four of the five endophytic isolates solubilised phosphate, 
in both the presence or absence of metals. Formation of 
clear halo zones was detected on Pikovskya’s agar with 
and without metal supplementation. Results further sug-
gested that phosphate solubilisation by the endophytes 
were higher in the presence of metals (3.94-79.82%) than 
in non-metal (17.64-20.83%) conditions. Higher phosphate 
solubilisation efficiency under metal stress was demon-
strated by P. asparagi LF15 (18.81-79.82%) (Fig. 3). Solu-
bilisation of phosphate was also regulated by D. miriciae 
LF9 (12.43-56.24%), Bipolaris sp. LF7 (3.94-34.00%) and 
T. asperellum LF11 (12.44-22.07%) (Fig. 3). The gradual 
increase in phosphate solubilisation by the isolates was 
observed throughout the 28 days (Supplementary Fig. 
3). By contrast, the absence of metals resulted in inferior 
phosphate solubilisation activities by D. miriciae LF9 
(20.83%), followed by P. asparagi LF15 (18.4%) and Bipolaris 
sp. LF7 (17.64%)  (after 28 days). Interestingly, phosphate 
solubilisation was, however, not observed in T. asperellum 
LF11 (Fig. 3) in the absence of metal stress (control). This 
is presumably due to the rapid growth rate of LF11 (to the 
extent of overgrowing) on the metal-free agar. Phosphate 
solubilisation was also absent in S. bicolor LF22, when 
cultured in the absence and presence of metals, as no 
formation of halo zones were detected. This suggested that 
the isolate S. bicolor LF22 is not a phosphate solubilizer.
The findings in this study, which showed endophytes 
(except S. bicolor LF22) having generally higher phosphate 
solubilisation under metal stress, agreed with Zúñiga-
Silva et al. (2015). Endophytes are proven to have similar 
capacity as other phosphate-solubilising fungi to solubilize 
Figure 2. Siderophore production (%) by metal-tolerant endophytes (Bipolaris sp. LF7, D. miriciae LF9, T. asperellum LF11, P. asparagi LF15, S. 
bicolor LF22) after 28 days incubation with exposure to Cu2+, Pb2+, Zn2+ and Cd2+. Controls were incubations without metal supplementation. Bars 
indicate standard deviations of means (±SD). Means with the same letters for each isolate are not significantly different (HSD(0.05)).
Sim et al.
174
phosphate for uptake and use. Phosphate-solubilising 
fungi acidify and secrete siderophores to solubilize the 
naturally-limited phosphate into available forms, par-
ticularly in response to metal stress, and this ultimately 
results in the dissolution of bound phosphate (Walpola and 
Yoon 2013). This study has revealed for the first time, the 
phosphate-solubilising potential in endophytic Bipolaris 
sp. LF7, D. miriciae LF9 and P. asparagi LF15, as well as 
the non-phosphate solubilising activity of S. bicolor LF22. 
Existing literature on this is limited, although studies on 
phosphate-solubilizing by Trichoderma sp. has been report-
ed. This study, which revealed phosphate solubilisation 
by T. asperellum LF11 in both the presence and absence 
of metals agreed with Zúñiga-Silva et al. (2015) (using 
T. atroviride), suggesting that phosphate solubilisation 
could be a common trait for Trichoderma sp.. In short, 
the endophytes tested in this study were able to solu-
bilise phosphate in both conditions (in the absence and 
presence of metal stress), except for S. bicolor LF22. The 
increased phosphate-solubilising activities under metal 
stress conditions suggested higher phosphate acquisition 
by endophytes when applied in metal-laden soils.
Deaminase activity of 1-aminocyclopropane carboxylic 
acid (ACC) 
This assay measures the α-ketobutyrate, one of the prod-
ucts of the 1-aminocyclopropane carboxylic acid (ACC) 
deaminase activity. It was revealed that ACC deaminase 
activity in endophytes were generally lower when ex-
posed to metals (3.00-69.2 μmol mg protein-1 hr-1) as 
compared to the absence of metals (control) (19.17-54.30 
μmol mg protein-1 hr-1). Among the five isolates tested, T. 
asperellum LF11 was the least susceptible to metal stress, 
exhibiting the highest ACC deaminase activity (8.69-
69.2 μmol mg protein-1 hr-1) especially in the presence 
of Pb and Cd (Fig. 4). The ACC deaminase activity by T. 
asperellum LF11 is comparable to other Trichoderma spe-
cies, such as T. atroviride and T. virens (Babu et al. 2014; 
Gravel et al. 2007). On the contrary, presence of metals 
severely impacted ACC deaminase activity in the other 
endophytic isolates, particularly Bipolaris sp. LF7. This 
isolate produced the lowest ACC deaminase activities 
in the presence of metals (3.00-17.54 μmol mg protein-1 
hr-1) (Fig. 4). Presence of metals was less detrimental on 
the ACC deaminase activities of the other three isolates. 
Isolates P. asparagi LF15 (6.23-38.26 μmol mg protein-1 
hr-1), D. miriciae LF9 (6.15-32.83 μmol mg protein-1 hr-1) 
and S. bicolor LF22 (7.5-15.41 μmol mg protein-1 hr-1) (Fig. 
4) retained their ACC deaminase activities under metal 
stress, but the activities were significantly lower compared 
to ACC deaminase activities in the absence of metal. In the 
absence of metals, the highest activity was observed for D. 
Figure 3. Phosphate solubilisation efficiency (%) by metal-tolerant endophytes (Bipolaris sp. LF7, D. miriciae LF9, T. asperellum LF11, P. asparagi 
LF15, S. bicolor LF22) after 28 days incubation with exposure to Cu2+, Pb2+, Zn2+ and Cd2+. Controls were incubations without metal supplementa-
tion. Bars indicate standard deviations of means (±SD). Means with the same letters for each isolate are not significantly different (HSD(0.05)).
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miriciae LF9 (54.30 μmol mg protein-1 hr-1), followed by P. 
asparagi LF15 (38.26 μmol mg protein-1 hr-1), T. asperellum 
LF11 (35.11 μmol mg protein-1 hr-1), S. bicolor LF22 (23.95 
μmol mg protein-1 hr-1) and Bipolaris sp. LF7 (19.17 μmol 
mg protein-1 hr-1) (Fig. 4). Observations based on time 
intervals indicated that the ACC deaminase activities 
were lower in the initial stages, gradually increasing in 
the next 28 days (Supplementary Fig. 4). 
The present study showed that ACC deaminase activi-
ties by the endophytes decreased when metals were present 
as a stress factor. The inhibition of ACC deaminase activ-
ities by metals was not specific to just fungal endophytes, 
as similar observations have been reported on bacteria. 
Carlos et al. (2016) discovered Serratia sp. strain Mc107, 
having lesser ACC deaminase activities when cultured 
in the presence of Pb2+, Cu2+ and Cd2+. Only Trichoderma 
species appeared to have ACC deaminase activities that 
were not implicated by presence of metals. Additionally, 
the initial decreasing trend of ACC deaminase activities 
followed by a gradual increase in activities follows the 
model described by Glick et al. (2007). According to the 
model, the initial decreasing trend was possibly associated 
with the reaction of ACC deaminase upon ACC to prevent 
the precursor from converting to ethylene. The activities 
gradually diminished throughout 21 days in this study, as 
lesser ACC was available. Following that, environmental 
stress (metals, in this study) may have triggered follow-up 
production of ACC (Yang and Hoffman 1984), consequent-
ly resulting in a rise in the activities of ACC deaminase. 
The increase in ACC deaminase activities was to prevent 
the build-up of the precursor ACC and their further con-
version to ethylene. As such, ACC deaminase activities 
aid in reducing ethylene levels in plants, which enhances 
plant growth. In general, the decreased ACC deaminase 
activities of the endophytes under metal stress suggested 
lower phytohormone modulation in metal-contaminated 
soils, which could implicate plant growth.
In vivo plant growth promoting activities of selected 
endophytes
In non-metal soils, improved growth was observed in 
ramets treated with both selected endophytes (D. miriciae 
LF9 and T. asperellum LF11). Of the two isolates, inoc-
ulation with D. miriciae LF9 showed better growth of 
ramets with increased height (4.68 cm), weight (1.14 g), 
root growth (0.39 g) as well as stem circumference (0.30 
cm) (Fig. 5). Ramets inoculated with T. asperellum LF11 
also exhibited similar positive influence; improved height 
(3.90 cm), weight (0.94 g), root mass (0.32 g) and stem 
circumference (0.18 cm) (Fig. 5). This further verified the 
Figure 4. Activities of ACC deaminase (μmol protein mg-1 hr-1) by metal-tolerant endophytes (Bipolaris sp. LF7, D. miriciae LF9, T. asperellum LF11, 
P. asparagi LF15, S. bicolor LF22) after 28 days incubation with exposure to Cu2+, Pb2+, Zn2+ and Cd2+. Controls were incubations without metal 




growth-promoting ability of Trichoderma species, alongside 
T. atroviride, T. harzianum and T. psedokoningii, which were 
reported to effectively promote growth of tomato and 
maize (Babu et al. 2014; Gravel et al. 2007). However, in 
metal-laden soils, only D. miriciae LF9 appeared to have 
benefitted the ramets. Ramets inoculated with D. miri-
ciae LF9 showed similar growth to ramets in non-metal 
soils with comparable height (0.13-4.80 cm), weight 
(0.08-0.43 g), and root mass (0.01-0.17 g) achieved. The 
stem circumference of the ramets was however affected 
(0.20-0.30 cm) (Figure 5). For ramets inoculated with T. 
asperellum LF11 and cultivated in soils with metals, poorer 
growth was observed compared to ramets in non-metal 
soils. In these ramets, inferior growth was evident with 
low growth measurements (height 0.10-2.4 cm, weight 
0.49-0.76 g, root mass 0.15-0.27 g and stem circumference 
0.38-0.50 cm) recorded (Fig. 5). 
The in vivo findings were aligned to the in vitro re-
sults, which revealed lesser growth promoting activities 
when endophytes were exposed to metals compared to 
non-metal conditions. Ramets inoculated with D. miri-
ciae LF9 were less susceptible to metal stress, but ramets 
treated with T. asperellum LF11 were not able to tolerate 
metal stress and this affected the growth of the ramets 
(low weight, root mass and stem circumference). This 
also revealed that the association of Trichoderma spe-
cies with host plant may not necessarily be beneficial in 
metal-laden soils. The poor growths observed in ramets 
grown in soils supplemented with metals, is attributed 
to the effect of metals in inhibiting the production of 
IAA, siderophore, and ACC deaminase activities by the 
endophytic biocontrol agents (albeit at varying degrees). 
In the instance where the growth-promoting attribute 
is not inhibited, ramets continued to grow well. This 
explains the continued growth of ramets inoculated with 
D. miriciae LF9, as the phosphate solubilisation activity 
of LF9 in metal soils was detectable. This study also re-
vealed that despite of the metal-tolerant attributes of the 
endophytes (Sim et al. 2018, 2019a, 2019b), the presence 
of metals did have an impact on the expression of plant 
growth-promoting activities. It also highlights that careful 
selection and investigation has to be performed, as not 
all metal-tolerant endophytes are ideal for application as 
biocontrol agents in metal-laden soil conditions. 
Conclusions
The five endophytic isolates (Bipolaris sp. LF7, D. miriciae 
LF9, T. asperellum LF11, P. asparagi LF15, S. bicolor LF22) 
Figure 5. Growth parameters of (A) height (B) weight (C) root mass and (D) stem circumferences of ramets inoculated with metal-tolerant 
endophytes D. miriciae LF9 and T. asperellum LF11 in metal-laden soils consisting of Cu2+, Pb2+, Zn2+ and Cd2+. Controls were endophyte-free 
ramets watered with sterile distilled water. Bars indicate standard deviations of means (±SD). Means with the same letters for each isolate are 
not significantly different (HSD(0.05)).
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demonstrated the potential to stimulate plant growth in 
vitro assays. This is a desirable attribute for biocontrol 
agents, as application of these bioagents would not only 
suppress disease development, but also to promote growth 
and strengthen the plant to delay disease progression. 
However, their beneficial role was generally affected 
by metal stress, with decreased IAA and siderophore 
production, and ACC deaminase activities. Hence, the 
metal-tolerant attributes of endophytes did not necessarily 
render significant benefits to the host-plants. Neverthe-
less, of the two isolates tested, D. miriciae LF9 showed 
better potential and prospect for further development 
as a biocontrol agent. 
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The encapsulated basidiomycetous yeast, Cryptococcus 
neoformans is distributed world-wide mainly in asso-
ciation with bird excrement (Srikanta et al. 2014). The 
species is an opportunistic human pathogen and can 
cause serious disease primarily in immunocompromised 
individuals, i.e. HIV-positive patients, patients with organ 
transplants undergoing immunosuppressive therapy and 
cancer patients going through chemotherapy; making 
them vulnerable to fungal infection. The infection of 
immunocompetent hosts is rare. The disease caused by 
C. neoformans is called cryptococcosis. The infection 
starts with the inhalation of the airborne basidiospores 
or dried cells (Köhler et al. 2015). The spores germinate in 
the lungs, thereafter the cells disseminated by the blood 
stream can reach and colonize the central nervous system 
establishing meningoencephalitis. Cryptococcosis affects 
about 1 million people in the world - most of them are 
HIV-infected - and causes the death of more than 600 000 
patients per year (Warkentien and Crum-Cianfloan 2010). 
The majority  of the cases are registered in certain parts 
of Africa and Asia where the incidence of HIV-infection 
is higher (Sloan and Parris 2014). 
A combined antifungal therapy involving amphotericin 
B deoxycholate and flucytosine is recommended for the 
treatment of cryptococcal meningoencephalitis (Day et 
al. 2013). However, flucytosine is an unregistered drug in 
most parts of Asia and Africa and its cost is high because 
of the limited number of manufacturers and these factors 
make the administration of this drug near impossible 
(Loyse et al. 2013).
Many non-antifungal pharmaceuticals have an an-
tifungal side effect. Some of them can act alone while 
others can enhance the activity of antifungal agents when 
used together (Afeltra and Verwe 2003; Judd and Martin 
2010; Nyilasi et al. 2010). Among the non-antifungals, 
the activity of phenothiazines like trifluoperazine and 
chlorpromazine, have been studied in detail. However, the 
antifungal activity of amantadine and valproic acid were 
only recognised recently against opportunistic human 
pathogenic fungal species (Wood and Nugent 1985; Eilam 
et al. 1987; Homa et al. 2015; Chaillat et al. 2017). Aman-
tadine is an ion channel blocker used to treat Parkinson’s 
disease (Blanpied et al. 2005). The anti-epileptic drug, 
valproic acid inhibits the action of histone deacetylases 
(HDACs) and induces the degradation of HDAC2 (Göt-
tlicher 2004). The antipsychotic drugs chlorpromazine 
and trifluoperazine exert their antifungal activity via 
arresting the cell cycle and destroying the cell membrane 
integrity in the susceptible species (Eilam et al. 1987). All 
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these drugs can penetrate across the blood brain barrier 
and can act in the central nervous system. 
The aim of this study was to test the in vitro anti-
Cryptococcus activity of amantadine, chlorpromazine, 
trifluoperazine and valproic acid against five C. neo-
formans strains, and to evaluate their interaction with 
amphotericin B.
Materials and methods
Yeast strains and growth conditions
The C. neoformans strains used in the present study are 
listed in Table 1. The strains were cultivated on Yeast 
Peptone Dextrose medium (YPD, 0.5% yeast extract, 1% 
peptone, 1% dextrose, 2% agar) at 30 °C for 48 hours and 
were kept at 4 °C until use. 
The experiments were carried out with actively grow-
ing cells; therefore, a single colony was transferred to 
2 mL sterile YPD medium and incubated at 30 °C for 
overnight. Cells were then harvested by centrifugation at 
10000 rpm for 5 minutes in Heraeus Pico 17 centrifuge 
(Thermo Scientific, Waltham, MA, US) and washed twice 
with sterile distilled water, finally they were suspended 
in RPMI 1640 medium (Sigma-Aldrich, Germany).
Non-antifungal compounds
Amantadine hydrochloride, chlorpromazine hydrochlo-
ride, trifluoperazine hydrochloride, valproic acid sodium 
salt (Sigma-Aldrich, Germany) and amphotericin B (Ap-
pliChem, Darmstadt, Germany) were provided by the 
manufacturers as standard powder. The non-antifungal 
compounds were dissolved in 96% ethanol while ampho-
tericin B in dimethyl sulfoxide (DMSO) to prepare stock 
solutions (10 mg/mL and 1 mg/mL, respectively) which 
was stored at -20 °C until used. Further dilutions were 
performed in RPMI 1640 medium. 
Antifungal activity assays
Determination of Minimal Inhibitory Concentration (MIC)
The antifungal effect of the drugs was determined by broth 
micro-dilution assay in 96-well flat bottom microplate. 
Fifty µl serially twofold diluted compounds were added 
to 50 µl of standardized cell suspension (8 x 104 cell/mL 
in RPMI 1640 medium). The final concentration of the 
amphotericin B was ranged from 0.156 to 5.0 µg/mL, and 
those of amantadine, chlorpromazine, trifluoperazine and 
valproic acid from 7.81 to 500 µg/mL. The control samples 
contained 50 µl cell suspension and 50 µl RPMI 1640 
medium. Solvent control was used to check the effect of 
the ethanol and DMSO on the growth rate of the strains.
The plates were incubated at 30 °C for 48 h. At the end 
of the incubation, the optical density of the samples was 
detected at 620 nm in SPECTROstar Nano plate reader 
(BMG LabTech, Offenburg, Germany). The experiments 
were carried out at least three times always in triplicates. 
The MIC was defined as the concentration of the com-
pound caused total inhibition of cell growth.
Interaction between amphotericin B and the non-antifungal 
compounds
The in vitro interaction of the compounds and amphoteri-
cin B was determined by standard checkerboard titration 
method. The amphotericin B was tested in a concentration 
range from 0.156 to 2.5 µg/mL while the concentration 
ranges of all the other compounds varied from 7.81 to 
125 µg/mL. The cell concentration in each well was 4 x 
104 cell/mL. After the incubation for 48 h at 30 °C, the 
optical density of the cultures was detected at 620 nm 
Species Strain number
Cryptococcus neoformans IFM 5844
Cryptococcus neoformans IFO 410
Cryptococcus neoformans SZMC 26851
Cryptococcus neoformans SZMC 26852
Cryptococcus neoformans IFM 48637
Table 1. List of the tested strains
IFM: Culture Collection of the Research Centre for Pathogenic Fungi and 
Microbial Toxicoses, Chiba University, Chiba, Japan
IFO: Institute for Fermentation, Osaka, Japan
SZMC: Szeged Microbiological Collection
Species
Minimal inhibitory concentrations (µg/mL)
amphotericin B amantadine chlorpromazine trifluoperazine valproic acid
Cr. neoformans IFM 5844 0.625 >500 125 62.5 >500
Cr. neoformans IFO 410 0.625 >500 62.5 62.5 >500
Cr. neoformans SZMC 26851 0.625 >500 125 62.5 >500
Cr. neoformans SZMC 26852 0.625 >500 125 62.5 >500
Cr. neoformans IFM 48637 0.625 >500 125 62.5 >500
Table 2. Antifungal activity of the compounds
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in SPECTROstar Nano plate reader (BMG LabTech, Of-
fenburg, Germany). The MIC was determined for each 
compound alone and in combinations. The experiments 
were carried out at least three times always in triplicates.
Data analysis
For calculation of the inhibition rates, the absorbencies 
of the untreated control cultures were assumed to be 
100% growth in each case. Expected efficacy of each 
combination was determined by the Abbott formula: Ie = 
X + Y – (XY/100), where Ie is the expected percent inhibi-
tion for a given interaction, and X and Y are the percent 
growth inhibited by the compounds when used alone. The 
nature of interaction of these antifungal compounds was 
determined by the interaction ratios (IRs), which were 
computed as IR = Io/Ie (Io, observed percent inhibition). 
IRs between 0.5 and 1.5 represent additive interactions, 
ratios of >1.5 represent synergistic interaction, and ratios 
of <0.5 represent antagonistic interactions.
Results
Antifungal activity of the tested drugs
The antifungal activities are summarised in Table 2. 
All the examined strains were slightly susceptible to 
the drugs. Among the non-antifungal compounds, the 
MIC of trifluoperazine proved the lowest: 62.5 µg/mL. 
Chlorpromazine showed the same MIC (62.5 µg/mL) for 
C. neoformans IFO 410 strain, all the other strains were 
less susceptible, as the MIC was 125 µg/mL in that case. 
The MIC of amantadine and valproic acid could not be 
established as it was out of the applied concentration 
range.  The MIC of amphotericin B was 0.625 µg/mL 
for each strain.
Interaction between amphotericin B and the non-anti-
fungal compounds
Positive interactions were detected between the am-
photericin B and each compound. All the tested drugs 
augment the effectiveness of the amphotericin B against 
C. neoformans strains as additive and synergistic interac-
tions occurred between them (Table 3). Using C. neofor-
mans SZMC 26851 as susceptible strain synergism was 
detected combining amphotericin B either with valproic 
acid or trifluoperazine. Valproic acid and amphotericin 
B combination showed synergistic interaction against 
IFM 48637 strain too. All the other combinations dem-
onstrated additive interactions between amphotericin B 
and the drugs against the tested strains. 
Discussion
Cryptococcosis is a world-wide infectious disease asso-
ciated mainly with immunodeficient hosts. The disease 
most commonly manifests as cryptococcal meningitis. 
However, pulmonary and primary cutaneous cryptococ-
cosis also exist (Sloan and Parris 2014). As other invasive 
fungal infections, cryptococcosis is associated with high 
morbidity and mortality rate. Particularly the treatment 
of cryptococcal meningoencephalities affecting the cen-
tral nervous system is difficult because amphotericin B 
having significant role in the treatment penetrates poorly 
across the blood brain barrier due to its relatively high 
molecular weight (Nau et al. 2010). Additional problem 
is the low accessibility of the other recommended drug, 
flucytosine (Loyse et al. 2013). 
The in vitro broad-spectrum activity of non-anti-
fungal compounds against human pathogenic fungi 
was published earlier ( Judd and Martin 2009). Testing 
the activity of phenothiazines such as chlorpromazine 
and trifluoperazine against medically important yeasts 
such as C. neoformans proved that it is one of the most 
susceptible species (Eilam et al. 1987). Although, the 
anti-Cryptococcus activity of these compounds has been 
established earlier, their interaction with amphotericin 
B was not investigated. In this present study, the in vitro 
action of chlorpromazine, trifluoperazine, valproic acid 
and amantadine individually and in combination with 
amphotericin B were studied. The results showed that 
all the examined compounds possess antifungal activ-
Drugs
Strains
IFM 5844 IFO 410 SZMC 26851 SZMC 26852 IFM 48637
AMB +
amantadine 0.93 ADD 1.04 ADD 0.82 ADD 0.70 ADD 0.92 ADD
chlorpromazine 0.94 ADD 1.04 ADD 0.85 ADD 0.88 ADD 0.97 ADD
trifluoperazine 1.29 ADD 1.02 ADD 1.51 SYN 1.29 ADD 1.09 ADD
valproic acid 1.07 ADD 0.86 ADD 1.88 SYN 1.12 ADD 1.55 SYN
AMB: amphotericin B; ADD: additive interaction; SYN: synergistic interaction
Table 3. Interaction ratios between amphotericin B and amantadine, chlorpromazine, trifluoperazine and valproic acid after 48-h incubation at 30 °C
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ity as they slightly reduced the growth of C. neoformans 
strains when applied alone. Trifluoperazine was the most 
efficient drug as it had the lowest MIC against all the five 
strains involved in this study. The drugs and ampho-
tericin B established additive or synergistic interactions 
as in combination with amphotericin B they achieved 
more effective growth inhibition than being used alone. 
Amphotericin B in combination with the studied drugs 
attained more efficient growth reduction in lower con-
centrations than used alone.  
 The positive interaction between the drugs and am-
photericin B can be explained by the ability of amphoteri-
cin B to bind to the ergosterol and forming pores in the 
fungal cell membrane (Gallis et al. 1990). Non-antifungal 
agents could enter the cells via these pores and could exert 
their activity within the fungal cell. Amantadine, chlor-
promazine, trifluoperazine and valproic acid accumulates 
in the central nervous system and there is potential to 
apply them in combination with amphotericin B in the 
treatment of Cryptococcus-caused meningoencephalitis.
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The genus Tabernaemontana belonging to the family 
Apocynaceae comprises of around 102 species occur-
ring throughout the tropical and also in some subtropical 
regions of the world (Van Beek et al. 1984). Tabernaemon-
tana includes shrubs or small deciduous trees bearing 
white latex, dichotomously branched stem and opposite 
leaves. Tabernaemontana alternifolia L. (= Tabernaemontana 
heyneana Wall) is a small tree growing up to 8 m tall and 
produce milky white latex (Ignacimuthu et al. 2006). It 
is commonly found in open forests of Western Ghats 
from Maharashtra to Kerala at an elevation of 900 m 
(Sathishkumar et al. 2012) and it is endemic to southern 
Western Ghats (Manasa and Chandrashekar 2015). Typi-
cally, this species is considered to be a potential medicinal 
plant as it possesses antimicrobial activity, antioxidant 
and is used in the treatment of the nervous disorder, 
diabetics, chronic bronchitis, lymphocytic leukaemia, 
snake bite; respiratory and skin problems (Sukumaran 
and Raj 2008; Sathishkumar and Baskar 2012). Besides 
these medicinal uses, T. alternifolia also consists of several 
secondary metabolites including alkaloids, flavonoids, 
steroids, tannins, glycosides and resins (Srivastava et al. 
2001; Roy et al. 2002; Sathishkumar et al. 2008).
Anatomical investigations help in understanding the 
phylogenetic interactions as well as the physiological 
progression (Yeung 1998; Liu and Zhu 2011) and support 
in the identification of plants when floral character-
istics are unavailable (Dengler 2002). The anatomy of 
vegetative parts of certain species of Apocynaceae has 
been examined. However, most of these studies have 
examined only the foliar anatomy and the stem and root 
anatomy of Apocynaceae is not well studied. Duarte and 
Larrosa (2011) examined the anatomical features of leaf 
and stem in Mandevilla coccinea (Hook & Arn.) Woodson 
and reported uniseriate epidermis with thick and stri-
ate cuticle, paracytic stomata on both the leaf surfaces, 
dorsiventral mesophyll and collateral vascular bundles in 
leaves; and  cambium formation, sclerenchymatous sheath 
with non-lignified fibers, bicollateral vascular bundles, 
large parenchymatous pith with amyloplasts in the stem; 
and occurrence of laticifers and phenolic compounds in 
both stem and leaf. A comparative study on the anatomical 
characters of Nerium oleander L. and Catharanthus roseus 
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The anatomical description of vegetative parts of Taberenaemontana 
alternifolia L. belonging to the family Apocynaceae was investigated in the present study. 
The leaves of T. alternifolia is hypostomatic with paracytic stomata, uniseriate epidermis 
made up of thin-walled parenchymatous cells covered by thin cuticle on both adaxial and 
abaxial surfaces. The hypodermis comprises of angular collenchyma cells. Mesophyll is 
dorsiventral containing silica bodies and vascular bundles are bicollateral. The petiole is 
flattened adaxially and arch-shaped abaxially with a uniseriate epidermis covered by a 
thin cuticle. The hypodermis is 7-8 layered angular collenchyma cells consisting of latici-
fers and parenchymatic, cortical layers consisting of silica bodies and thick-walled fibers 
and U-shaped bicollateral vascular bundles. Secondary growth in stems is characterized 
by the formation of periderm and thick-walled fibers in the vascular tissues. Bicollateral 
vascular bundles are covered by sclerenchymatous patches, parenchymatous cortex and 
pith consist of fibers, laticifers and silica bodies. The root possess unicellular root hairs, 
compactly arranged thin-walled uniseriate epidermis, 16-18 layered cortex containing 
silica bodies and fibers, indistinct endodermis, radially arranged vascular bundles and 
14-16 arched xylem. Pitted water-storage cells are present in the conjunctive tissue. 
Lignin deposition was observed in the root stelar region and pith is absent.























(L.) G. Don leaf by Abdalla et al. (2016) revealed that the 
dorsiventral leaf consisted of a single-layered epidermis 
with sparse epidermal hairs in C. roseus and isobilateral 
leaves, four-layered epidermis bearing numerous epi-
dermal hairs, presence of sunken stomata and calcium 
oxalate crystals in N. oleander. 
Although literature is available on the morpho-an-
atomical features of leaf and stems of various genus 
of Apocynaceae (Rio et al. 2005; Larrosa and Duarta 
2006; Maciel et al. 2010; Abdalla et al. 2016), anatomical 
description of the genus Tabernaemontana is very limited. 
Omino (1996) investigated the leaf anatomy 37 species 
in 26 genera of Apocynaceae including four species of 
Tabernaemontana (Tabernaemontana pachysiphon Stapf, 
Tabernaemontana elegans Stapf, Tabernaemontana stapfiana 
Britten, Tabernaemontana ventricosa Hochst. ex A.DC) 
occurring in Africa and observed paracytic stomata in 
all the examined species, single-layered epidermal cells 
on both the foliar surfaces except in T. pachysiphon (1-2 
layered), bifacial mesophyll with numerous intercellular 
spaces, collenchymatous cells in the ground tissue of 
midrib, clustered crystals in both the epidermal layer, 
mesophyll and in the ground tissue of midrib region in T. 
ventricosa; numerous solitary crystals in lower epidermis 
and star-shaped crystals in palisade layer of T. pachysiphon 
whereas small star-like crystals were reported in phloem 
parenchyma of T. stapfiana. The vascular bundles were 
deep V-shaped in all four species of Tabernaemontana 
(Omino 1996). The wood anatomy of Tabernaemontana 
eglandulosa Stapf, and Tabernaemontana siphilitica (L.f) 
Leeuwenb., revealed distinct growth rings, vessel group-
ing in radial multiples, vessels with sporadically double 
simple perforations, septate fibers with simple to minutely 
bordered pits and axial parenchyma were either scarce 
or absent (Lens et al. 2008).
Guidoti et al. (2015) studied the morpho-anatomical 
characters of Tabernaemontana catharinesis A.DC leaves 
and observed uniseriate epidermis devoid of trichomes, 
six to seven layers of angular collenchyma, thin-walled 
parenchymatous cortex, and bicollateral vascular bundle. 
Tabernaemontana catharinesis stem possessed uni-stratified 
epidermis, angular collenchyma cells and fibers in the 
cortical region and the secondary growth revealed the 
presence of periderm and fibers in external phloem 
patches. The petiole in T. catharinesis had uni-stratified 
epidermis, thick cuticle, and angular collenchyma adjacent 
to the epidermis and bicollateral vascular arrangement 
(Guidoti et al. 2015). As T. alternifolia is an endemic plant 
with high medicinal value, it is important to conserve 
this species through various means including vegeta-
tive propagation. Therefore, anatomical investigation of 
vegetative parts like leaf, stem and root could be helpful 
in understanding the regeneration of the plant dur-
ing vegetative propagation. In addition, information on 
vegetative anatomy of Tabernaemontana species is scanty. 
Therefore, the present study was carried out to investigate 
the vegetative characters including the leaf, petiole, stem 
and root in T. alternifolia. 
Material and methods
Samples of leaf, stem, and roots were collected from ma-
ture plants of T. alternifolia during the month of February 
2019 from Nadugani, Gudalur taluk of Nilgiri district, 
Tamilnadu, India. The latitude and longitude of the study 
site are 11.4718° N to 76.4107° E at an elevation of ~ 1000 
m a.s.l., and the average rainfall is 2020 mm. The plant 
specimens were  authenticated by Botanical Survey of 
India, Southern circle and  a voucher was deposited in the 
Bharati Herbarium, Department of Botany, Bharathiar 
University, Coimbatore, India (accession number: 007744). 
The collected plant samples were transferred to the 
laboratory by placing the samples in an ice-box. The 
plant materials were washed with distilled water and 
preserved in formalin-acetic acid-alcohol (FAA) solu-
tion until processing. The leaf and petiole sections were 
taken from the fully developed 5th leaf from the top. Stem 
sections were taken at the 5th internode from the shoot 
tip and root sections were taken from 5cm from the root 
tip. The preserved material (leaf, stem, petiole and root) 
of T. alternifolia were freehand sectioned using a sharp 
razor blade for the histological observations using dif-
ferent types of stains like safranin, phloroglucinol-HCl, 
and toluidine blue O to identify the cell inclusions such 
as cutin, suberin and lignin (Gurav et al. 2014). Around 
1 cm square leaf pieces were placed in Jeffrey’s macera-
tion solution for 72 hours at 35 °C for the observation 
of the epidermal layer (Kigkr 1971). The specimens in 
Jeffrey’s fluid were later washed, stained with safranin 
and examined under an Olympus BX51 light microscope 
attached with a fluorescence setup (Olympus, U- RFL-T, 
U-25 ND 25 neutral density filter).
A calibrated ocular scale was used to measure the 
dimensions of the cells and the size of the different re-
gions in the sections. The variables measured include the 
thickness of cuticle, the pore size of stomata, the length 
and width of the epidermis, collenchyma cells, palisade 
and spongy parenchyma cells, cortex, sclerenchymatous 
fibers and vascular bundles and pith cells. Images and 
autofluorescence of the observed specimens were captured 
with a ProgRes3 camera fitted to the Olympus BX 51 light 
microscope. The stomatal index (SI %) was calculated 
according to Salisbury (1927) using the formula (S/S+E) 
× 100 where S and E denotes the number of stomata and 
epidermal cells respectively. All the observations are 
Seenu et al.
186
presented either as an average value or range (minimum 
value and maximum values) or average ± standard error. 
Two dimensional values are presented as length × breadth.
Results
Leaf
Leaves are hypostomatic containing stomata only on ab-
axial surface and the adaxial surface is devoid of stomata 
(Fig. 1a,b). The stomata are of the paracytic type with 
two subsidiary cells parallel to the guard cells (Fig.1c). 
The cell dimensions of subsidiary cells and guard cells 
are respectively 26.75 ± 0.91 × 10.5 ± 0.89 μm and 22.75 
± 1.17 × 7.5 ± 0.64 μm. The stomatal pore measures 13.5 
± 0.55 × 2.75 ± 0.25 μm. The leaf consists of both adaxial 
and abaxial epidermis covered by a thin cuticle. The cu-
ticle on the adaxial surface (5 μm) is 25.85% thicker than 
the cuticle on the abaxial surface (3 μm). The average 
stomatal index is 8.76%. The upper and lower epidermis 
is uniseriate, consisting of a compactly arranged square 
to rectangular thin-walled parenchymatous cells (Fig. 
1g). The length and width of epidermal cells of the upper 
and lower surface of the leaves are respectively 16.20 ± 
0.43 × 25.62 ± 0.74 μm and 18.08 ± 0.45 × 24 ± 0.62 μm. 
Hypodermis on the abaxial surface is 5-6 layered and is 
composed of angular collenchyma cells whereas on the 
adaxial side, hypodermal cells are 7-8 layered (Fig. 1e). The 
adaxial and abaxial collenchyma cells measures 16.20 ± 
0.43 × 25.62 ± 0.73 μm and 20.6 ± 1.17 × 15.66 ± 0.82 μm, 
respectively. The mesophyll is dorsiventral differentiated 
into palisade and spongy parenchyma cells. The palisade 
parenchyma is 2-3 layered and composed of thin-walled 
parenchymatous cells measuring 16.5 ± 1.18 × 11.75 ± 
0.65 μm. The palisade parenchyma is followed by 8-10 
layered spongy parenchyma cells bearing large intercel-
lular spaces. The length and width of spongy parenchyma 
cells are 23.5 ± 1.79 × 20.75 ± 1.13 μm. Silica bodies are 
present in both palisade and spongy parenchyma cells. In 
cross-section, the leaf midrib is biconvex. A sub-epidermal 
layer comprising of 14-18 layered thin-walled parenchyma 
cells are observed on both adaxial and abaxial sides 
(Fig. 1d). This region is characterized by the presence of 
thick-walled fibers (Fig. 1h), lactiferous cells and silica 
bodies. A V-shaped bicollateral vascular bundle is pres-
ent in the midrib region. Xylem consists of metaxylem 
and protoxylem vessels. The metaxylem and protoxylem 
cells measures 30.5 ± 0.78 × 25.25 ± 0.53 μm and 14.12 ± 
0.32 × 14.37 ± 0.39 μm, respectively. The protoxylem is 
oriented towards the upper epidermis and metaxylem is 
located towards the lower epidermis. Xylem is surrounded 
by internal and external phloem (Fig. 1f). The internal 
phloem forms a continuous strand (Fig. 1i) whereas, the 
external phloem appears as patches or small groups (Fig. 
1j). The xylem arches range between 40 and 43. 
Petiole
The petiole is a flattened arch and lightly winged at the 
edges on the adaxial side in transverse section. The epi-
dermis is single-layered with a compactly arranged round 
to oval thin-walled parenchymatous cells measuring 
15.3 ± 0.56 × 11.2 ± 0.25 μm and covered by 2-3 μm thick 
smooth cuticle (Fig. 2a). The hypodermis is a continuous 
band of 7-8 layered angular collenchyma cells measuring 
Figure 1. Vegetative anatomy of Tabernaemontana alternifolia leaf (a-j). 
a. Epidermal peeling of the adaxial surface of the leaf; b. Abaxial sur-
face showing the distribution of stomata; c. Stomata with guard cells 
arranged parallel to the subsidiary cells; d. Transverse section (T.S.) 
of leaf along the midrib region showing upper epidermis, hypodermis 
and vascular bundle; e. Lower epidermis covered by a thin cuticle, and 
collenchymatous hypodermis; f. Bicollateral vascular bundles, xylem 
surrounded by internal phloem and external phloem; g. Leaf lamina 
uniseriate upper epidermis, lower epidermis, palisade parenchyma 
and spongy parenchyma; h. Thick-walled fibers; i. Internal phloem 
adjacent to xylem cells; j. External phloem and xylem.
st = stomata, gc = guard cell, ue = upper epidermis, hp = hypodermis,  vb = 
vascular bundle, le = lower epidermis, x = xylem, iph = internal phloem, eph 
= external phloem, pp = palisade parenchyma, sp = spongy parenchyma, fi 
= sclerenchymatous fiber. Scale bars = 50 µm.
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35.75 ± 2.29 × 28 ± 2.49 μm (Fig. 2c). Laticifers occur in 
the hypodermis. Around 12-16 cell layers of thin-walled 
parenchyma cells enclosing triangular or rectangular 
intercellular spaces subtends the hypodermis (Fig. 2b). 
Silica bodies and thick-walled fibers are present in the 
parenchymatic layer (Fig. 2d). The length and width of 
the parenchyma cells are 42.25 ± 3.90 × 43.5 ± 2.83 μm. 
Vascular bundles are bicollateral and U-shaped. Xylem 
consists of protoxylem and metaxylem that measures 
24.5 ± 1.29 × 22.5 ± 0.55 μm and 11.25 ± 0.55 × 11.5 ± 
0.85 μm, respectively. The protoxylem is oriented towards 
the epidermis. Xylem is surrounded by small patches of 
external and internal phloem (Fig. 2e,f). The external 
phloem patches measures 44.25 ± 2.07 × 47.25 ± 4.17 μm 
and the internal phloem patches measure 37.75 ± 2.09 × 
39 ± 2.77 μm.
Stem
The stem is circular in outline (Fig. 3a). The cuticle is 
smooth and 4-5 µm thick. The periderm is three-layered 
forming an outer layer and consists of loosely arranged 
thin-walled parenchymatous cells. The hypodermis is 
composed of 5-6 layers of angular collenchyma cells 
measuring16.3 ± 0.50 × 14.15 ± 0.37 μm. Idioblasts com-
prising of phenolic compounds are observed in the col-
lenchymatic hypodermis (Fig. 3b). The parenchymatous 
cortex is 11-13 layered with cells measuring 30.25 ± 0.72 
× 30.2 ± 0.84 μm. Non-articulated laticifers, silica bod-
ies and thick-walled fibers occur in the parenchymatic 
cortical cells which enclose triangular or rectangular 
or squarish intercellular spaces (Fig. 3c-e). The scler-
enchymatous fibrous patches surrounding the vascular 
bundles are irregular and measures 67.7 ± 2.30 × 64.1 ± 
2.33 μm and cells with lignin thickened walls (Fig. 3f). 
Figure 2. Vegetative anatomy of Tabernaemontana alternifolia petiole 
(a-f). a. Transverse section (T.S.) of petiole showing epidermis, cortex, 
laticifers and U-shaped vascular bundle; b. hypodermis and cortex; 
c. Uniseriate epidermis and hypodermis; d. Silica bodies in the corti-
cal region, e,f. Vascular bundle showing xylem bordered by external 
phloem and internal phloem.
ep = epidermis, cr = cortex, la = laticifers, vb = vascular bundles , hp = 
hypodermis, si = silica bodies, eph = external phloem, iph = internal phloem, 
x = xylem. Scale bars = 50 µm.
Figure 3. Vegetative anatomy of Tabernaemontana alternifolia stem 
(a-h). a. Transverse section (T.S.) of the stem showing periderm, bi-
collateral vascular bundle and pith; b. Periderm and hypodermis made 
up of angular collenchyma cells; c. Longitudinal section (L.S) of the 
stem showing non- articulated laticifers; d. Silica bodies in cortex; e. 
Thick-walled sclerenchymatous patches and fibers; f. Fluorescent image 
showing deposition of lignin in vascular bundles, sclerenchymatous 
fibers and sclerenchymatous fibers patches; g. Vascular bundles with 
xylem enclosed by external phloem and sclerenchymatous fibers; h. 
Xylem covered by external phloem and internal phloem  and fibers 
in the pith region. 
p = periderm, vb = vascular bundle, hp = hypodermis, la = laticifers, si = silica 
bodies, fi = sclerenchymatous patches and fibers, x = xylem, eph = external 
phloem, iph = internal phloem, pi = pith. Scale bars = 50µm.
Seenu et al.
188
The vascular bundles are bicollateral and oval-shaped. 
The cambial zone consists of 2-3 rows of thin-walled 
small rectangular and meristematic cells arranged radi-
ally. The external and internal phloem are arranged in 
small groups or patches adjoining the xylem (Fig. 3g,h). 
The internal and external phloem patches measures 34.5 
± 1.95 × 38.5 ± 1.95 μm and 38.33 ± 1.51 × 48.33 × 2.01 
μm, respectively. The vessels of the metaxylem measure 
41.95 ± 0.86 × 32.2 ± 0.65 μm and the protoxylem cells 
measure 20.1 ± 0.68 × 14.9 ± 0.47 μm. Pith is composed of 
thin-walled parenchyma cells with intercellular spaces. 
Fibers, laticifers and silica bodies occur in the pith region 
(Fig. 3a). The pith cells measure 50.5 ± 5.51 × 53.83 ± 
6.11 µm. The anatomical features of the mature stem are 
almost similar to that of the young stem except with few 
differences. The epidermal layer forms the outer layer in 
young stems and sclerenchymatous sheath consisting of 
fibers around the stellar region in mature stems is absent 
in the young stems. Moreover, the epidermis in young 
stem is replaced by the periderm in the older stems.  
Root 
The root appears circular in transverse section (Fig. 4a). 
Unicellular root hairs are present. The root hair measures 
45.5 ± 3.6 × 12.6 ± 0.45 μm. The epidermis is uniseriate, 
compactly arranged, and composed of oval to round 
shaped thin-walled parenchymatous cells (Fig. 4b). The 
cell dimensions of epidermal cells are 33.66 ± 2.24 × 39.23 
± 2.38 μm. Cortex is 16-18 layered, made up of thin-walled 
larger to smaller circular to oval-shaped parenchymatic 
cells enclosing triangular or squarish intercellular space. 
The cells in the cortical region measure 36.45 ± 1.26 × 
44.83 ± 2.03 μm. Silica bodies and thick-walled fibers 
occur in the cortex (Fig. 4a). The length and width of 
fibers are 36.66 ± 2.24 × 39.23 ± 2.38 μm. Endodermis and 
pericycle are indistinct. Vascular bundles are arranged 
radially. Xylem is exarch. Xylem and phloem cells are 
differentiated by conjunctive tissue made up of paren-
chymatous cells (Fig. 4e). Xylem arches are 14-16 and 
the stele bears pitted water storage cells, and cells with 
lignin thickened walls (Fig. 4d,f). The water-storage cells 
measure 17.00 ± 1.27 × 11.05 ± 0.87 μm. Pith is absent. 
Discussion
The vegetative anatomy of T. alternifolia revealed certain 
variations in their anatomical traits when compared to 
other members of the Apocynaceae family. Trichomes 
are absent in leaves of T. alternifolia as reported in other 
species of Tabernaemontana (Omino 1996; Guidoti et al. 
2015). However, trichomes have been reported in mem-
bers of the Apocynanceae like Mandevilla velutina (A.DC.) 
Woodson and N. oleander (Santos et al. 2009; Maciel et 
al. 2010). The hypostomatic leaves and paracytic stomata 
in T. alternifolia are similar to those reported by Omino 
(1996) in T. stapfiana, T. pachysiphon, T. ventricosa and T. 
elagans. However, in contrast to the observation of the 
present study, amphistomatic leaves were reported in T. 
catharinensis (Guidoti et al. 2015) and M. coccinea (Durate 
and Larrosa 2011). The presence of stomata on the abaxial 
surface of the leaf in T. alternifolia helps to minimize the 
water loss (Mbagwu et al. 2008). Moreover, paracytic 
type of stomata is the characteristic feature of the genus 
Tabernaemontana (Metcalfe and Chalk 1950, 1988; Omino 
1996). The stomatal index of 73.42% in T. alternifolia is 
less than that of the stomatal index reported in Tabernae-
montana divaricata (L.) R.Br. ex Roem. & Schult. However 
special type of stomata called giant stomata is reported 
in T. divaricata (Gowramma and Sultan 2018) is absent 
in leaves of T. alternifolia. The differences in the stomatal 
index could be due to the physiological responses to vari-
ous environmental factors (Adegbite 2008; Aworinde et al. 
2012). Cuticle acts as an apoplastic barrier against water 
loss and also prevents the entry of other solutes from ex-
ternal sources into the plant tissue (Yeats and Rose 2013). 
Leaves of T. alternifolia possessed thin-cuticle over the leaf 
that contradicts studies where a thick cuticle has been 
reported to cover the leaves in Tabernaemontana species 
(Omino 1996; Guidoti et al. 2015). However, Mayberry 
(1937) observed thin cuticle covering the leaves of Amsonia 
tabernaemontana Walter. In contrast to the observations 
Figure 4. Vegetative anatomy of Tabernaemontana alternifolia root (a-f) 
a. Transverse section (T.S.) of root showing epidermis, sclerenchyma-
tous fibers, silica bodies in the cortex b. Fluorescent image (insert) 
showing deposition of lignin in sclerenchymatous fibers, c. Epidermis, 
d. Pitted water-storage cells in the stelar region, e. vascular bundles 
with xylem and phloem, f. Fluorescent image of stele indicating the 
presence of lignin deposition. Scale bars = 50 µm.
ep = epidermis, fi = sclerenchymatous fiber, si = silica bodies, cr = cortex, wc 
= water-storage cells, x = xylem, ph = phloem, st = stele. Scale bars = 50 µm.
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of the present study, a bilayered epidermis covering both 
the leaf surfaces has been reported in T. pachysiphon and 
T. stapfiana (Omino 1996). 
The mesophyll is dorsiventral in T. alternifolia which is 
similar to the other members of the Apocynaceae family 
(Metcalfe and Chalk 1950). The ecological anatomy of 
the tree species suggested that the degree of mesophyll 
differentiation mostly depends on the degree of exposure 
to the sun (Hanson 1917; Ryder 1954). The mesophyll in 
T. alternifolia resembles that of T. catharinensis consist-
ing of 2-3 layers of palisade parenchyma cells (Guidoti 
et al. 2015). On the contrary, palisade parenchyma was 
3-4 layered in T. stapfiana (Omino 1996). The spongy 
parenchyma cells in T. alternifolia are similar to those of 
other Tabernaemontana species (Omino 1996; Guidoti et 
al. 2015). Laticifers and crystals present in mesophyll, 
multilayered hypodermis and bicollateral vascular bundles 
in T. alternifolia are the common characteristic features 
of Apocynaceae (Matclafe and Chalk 1950; Omino 1996). 
The petiole is flattened arch-shaped with small pro-
jections in T. alternifolia is similar to those observed in 
T. catharinensis. Nevertheless, concave-convex structured 
petiole was reported in Forsteronia glabrescens Müll.Arg. 
and M. coccinea of Apocynancea family (Larrosa and 
Duarte 2006; Durate and Larrosa 2011). The presence 
of non-lignified fibers in F. glabrescens adjacent to the 
internal phloem is in accordance with the observations 
of the present study (Larrosa and Duarte 2006). Angular 
collenchyma cells present in the hypodermal region of T. 
alternifolia is similar to those in T. catharinensis (Guidoti 
et al. 2015) and contrastingly, annular collenchyma was 
noted in M. coccinea (Duarte and Larrosa, 2011). Silica 
bodies and laticifers observed in T. alternifolia are similar 
to those of T. catharinensis. The presence of silica bodies 
in T. alternifolia could prevent from collapsing of the 
plant during drought (Matcalfe and Chalk 1979). In the 
present study, vascular bundles are U-shaped and bicol-
lateral. Similar observations were reported in T. elegans, 
T. stapfiana and T. catharinensis (Omino 1996; Guidoti et 
al. 2015). In contrast to the results of the present study, 
V-shaped, shallow and curved arc-shaped bicollateral 
vascular bundles were reported in Himatanthus sucuuba 
(Spruce ex Müll.Arg.) Woodson, Voacanga thouarsii Roem. 
& Schult., Rauvolfia mombasiana Stapf and Strophanthus 
barteri Franch (Larrosa and Duarte 2005; Omino 1996). 
The secondary growth in T. alternifolia stem reveals the 
formation of the periderm in the outermost layer that is in 
line with the observations of Larrosa and Duarte (2006) 
and Guidoti et al. (2015) in H. sucuuba and T. catharinensis. 
Nevertheless, an incipient secondary growth in M. coc-
cinea stem possessed single-layered epidermis covered 
with thick striated cuticle (Duarte and Larrosa,  2011). 
Periderm forms a protective tissue during the secondary 
growth replacing the epidermis (Evert 2006). The angular 
collenchyma cells, sclerenchymatous sheath consisting of 
lignified thick-walled fibers enclosing the vascular bundles 
in T. alternifolia is as same as T. catharinensis (Guidoti et 
al. 2015). The thick-walled fibers commonly found in 
patches, provides rigidity and flexibility to the plants 
(Esau 1974; Costa et al. 2006; Scatena and Scremin-Dias 
2006). Similar to T. alternifolia, the stem of T. catharinen-
sis in transverse section showed the presence of fibers 
and laticifers in the cortical region (Guidoti et al. 2015). 
Moreover, the distribution of laticifers differs among the 
species, for example, laticifers occur only in the cortex 
in Himatanthus lancifolius (Müll.Arg.) Woodson (Baratto 
et al. 2010a) whereas, in Rauvolfia sellowii Stapf, it was 
reported in the phloem cells and marrow (Baratto et al. 
2010b). The laticifers produce latex due to physical damage 
and consist of varied latex compounds that protect the 
plants against herbivores or pathogens (Ramos et al. 2019). 
Occurrence of laticifers is very common in Apocynaceae 
family (Metcalf and Chalk 1950) and may be branched 
or unbranched or non-articulated (Esau 1977; Mahlberg 
1993). Laticifers in the T. alternifolia are non-articulated 
as observed in Tabernaemontana coronaria Willd (Rao and 
Malaviya 1966). However, articulated laticifers have been 
reported in the other member of Apocynaceae like T. 
catharinensis (Canaveze and Machado 2016), Mandevilla 
atroviolacea (Stadelm.) Woodson (Lopes et al. 2009) and 
Allamanda blanchetii A. DC. (Gama et al. 2017)
Silica bodies were present in cortex and pith regions 
of T. alternifolia. However, the idioblasts containing silica 
bodies were not observed in T. catharinensis (Guidoti et al. 
2015). Contrastingly to the observations of T. alternifolia 
in the present study, starch grains were reported in some 
species of Apocynaceae (El-Kashef et al. 2015; Duarte and 
Larrosa 2011). The intraxylary or internal phloem in T. 
alternifolia is a common feature of Apocynaceae family. In 
the present study, internal phloem existed as an isolated 
strand forming a group of patches similar in other species 
of the family, like A. tabernaemontana (Mayberry 1937) 
and M. coccinea (Larrosa and Duarte 2011). In contrast to 
the results of the present study, internal phloem formed 
a continuous ring in N. oleander (Maciel et al. 2010). Ac-
cording to Metcalfe and Chalk (1950), internal phloem 
commonly occurs in a continuous ring or isolated groups 
in the Apocynaceae. The function of internal phloem in 
stems of climbers includes prevention of breakage when 
stems are coiled or twisted and enhance the mechanical 
flexibility of stems (Sckench 1893).  However, in trees 
Premakumari et al. (1985) reported that internal phloem 
help in the translocation of photosynthates. Therefore, 
the presence of internal phloem in T. alternifolia stem 
may also perform certain functions like translocation 
of growth substances. 
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The anatomy of the root in Apocynaceae is relatively 
less explored when compared leaves and petiole. Tab-
ernaemontana alternifolia had uniseriate epidermis. The 
cortex in T. alternifolia is 16-18 layered in contrast to 
Carissa macrocarpa (Eckl.) A.DC. where the cortex is only 
12-15 layered (Allam et al. 2016). However, the indistinct 
endodermis of T. alternifolia resembles with endodermis 
reported in C. macrocarpa. Starch grains were absent in 
the roots of T. alternifolia as reported in other species of 
Apocynaceae (Appezzato-da-Glória and Estelita 1997; 
Boutebtoub et al. 2009; Allam et al. 2016). Laticifers are one 
of the important characteristic features of Apocynaceae. 
Nevertheless, in the present study, although, laticifers were 
observed in leaves, petiole and stem of T. alternifolia, it was 
absent in the roots. Pitted water-storage cells could help 
T. alternifolia during the xerophytic or drought conditions. 
Vascular bundles are arranged radially in T. alternifolia. 
The pith was absent in T. alternifolia root similar to that 
reported in C. macrocarpa (Allam et al. 2016). The lignin 
deposition in stelar region as supported by the auto fluo-
rescence could also provide additional structural support 
to the plant (Willemse 1989).
Conclusion
The present study revealed that the presence of paracytic 
stomata restricted to abaxial surface of the leaf, thin cuticle 
on adaxial and abaxial side in leaves, thick-walled scler-
enchymatous patches, isolated internal phloem strands 
in stems; water storage cells, and deposition of lignin in 
root stelar region could contribute to the identification 
of this endemic plant.
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Many manufacturers, guided by current trends in the 
development of the healthy food market, are focused on 
the production of functional products (Siro et al. 2008). 
Domestic production of functional food products is 
mainly based on enriched vitamins, minerals, dietary 
fibers and lower energy value (Kinyuru et al. 2015). One 
of the most promising goods to be modified in this way 
is cereals, including flour confectionery (Šebečić et al. 
2007; Okpala and Ofoedu 2018; Tugush et al. 2018; Saleh 
et al. 2019). Biologically active raw materials added to 
their formulas will provide higher number of important 
nutrients required to the daily intake. 
The fundamental point is to find the optimal propor-
tions of non-traditional ingredients. Besides solving the 
main task of increasing the nutritional and biological 
value of products, it is possible to improve their produc-
tion technology, make organoleptic, physico-chemical and 
structural-mechanical properties of finished products 
better, and extend their shelf life (Šebečić et al. 2007; 
Rumiantseva et al. 2012; Leonova et al. 2018).
Currently, it has become relevant to study the possible 
use of non-traditional raw materials being able to increase 
nutritional value of products in manufacturing flour con-
fectionery goods. There is a developed formula of cereal 
bars with a high content of protein and vitamins based on 
soy protein, wheat germ and oat, enriched with ascorbic 
acid and α-tocopherol (Amjid et al. 2013). Some works are 
devoted to the development of flour confectionery goods 
with a high content of dietary fibers. It is done by adding 
oat flour, amaranth, soy flour and carob flour (Arghire et 
al. 2016). Gluten-free snacks with amaranth, orach and 
quinoa seed flour were also studied (Codină et al. 2019).
When developing new types of flour confection-
ery goods with specified properties and composition 
to optimize the production process, it is necessary to 
monitor the technological parameters as well as rheo-
logical characteristics of raw materials and semi-finished 
products (Codină et al. 2019). Flour confectionery goods 
production is associated with processing of bound-dis-
persion systems and the formation of coagulate, mixed 
and condense-crystallized structures. Rheology allows 
to control structural and mechanical properties as well 
as the quality of products by adding additives, changing 
modes and methods of mechanical and technological 
processing (Novotni et al. 2009; Munteanu et al. 2016; 
Gabitov et al. 2018).
There is a study on the effect of the plantain seed pow-
der on the structural and mechanical properties of flour 
confectionery goods, in particular hard-dough biscuits. 
The main physical and chemical indicators, organoleptic 
characteristics, spreading coefficient, volume and texture 
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were determined. The additive used helped to increase the 
spreading behavior of cookies and reduce their volume 
and density (Krystyjan et al. 2018).
There are studies on the influence of various dietary 
fibers on the rheology of semi-finished products for bread 
and bakery products. The dough rheological properties 
are examined with a farinograph (Brabender, Germany) 
and a texture analyzer (Stable Micro Systems, UK). It 
was found that inulin added to the formula affects the 
dough consistency, elasticity and adhesion. When dextrin 
is included, the viscosity increases, but it does not have a 
significant impact on other dough properties (Novotni 
et al. 2007).
The influence of bee pollen on the quality of flour 
confectionery goods is also studied. The increased dos-
age of bee pollen is found to improve structural and me-
chanical properties of bakery, such as volume, structure, 
consistency and crust color (Conte et al. 2018). 
In the light of the foregoing, the research goal is to 
assess the impact of oat talkan and bee products on 
structural, mechanical and technological properties of 
finished and semi-finished products as well as to improve 
the chak-chak formula with biologically active raw ma-
terials as oat talkan, honey and bee pollen. 
Materials and methods
The research is carried out in the scientific research 
laboratories of the Bashkir State Agrarian University, the 
Bashkir Agricultural Research Institute and the Research 
Institute of the Baking Industry.
The investigation is based on traditional and special 
chemical, physico-chemical, structural and mechanical 
methods to study properties of raw materials, semi-
finished and finished products. Physico-chemical and 
organoleptic quality indicators of products are recognized 
according to the Russian Sate Standard GOST 5897-90. 
Organoleptic evaluation is conducted using a 30-point 
scale. The quality of the product is estimated by the total 
assessment. 30-25 points correspond to the excellent 
product quality, 24-20 points as good and 19-10 points 
as satisfactory.
Flour humidity was determined in accordance with 
State All-Union Standard (GOST) 9404-88 using an 
electric SESH-3M drying cabinet, in which the drying 
chamber temperature is up to 150 °C. The cabinet has a 
temperature controller that creates drying temperature 
and keeps the heat in the working zone at 130-140 °C 
(accurate within ±2 °C). Humidity is determined in two 
parallel hangers. Two clean dried metal weighing bottles 
are removed from the desiccator and weighed with an 
error of no more than 0.01 g. The product isolated from 
the average sample according to GOST 27668 for deter-
mining humidity is thoroughly shaked in the container 
and selected from different places. Then, it is put in each 
weighing bottle of a product batch weight with the mass 
of (5.00 ± 0.01) g. After that the weighing bottles are 
covered with lids and placed in the desiccator. When 
the temperature in the drying cabinet reaches 130 °C, 
the thermometer is turned off and the oven is heated to 
140 °C. Then the thermometer is turned on, and open 
weighing bottles with batch weight of the product are 
quickly placed into the cabinet upon the removed lids. 
Empty cabinet slots are filled with empty weighing 
bottles. The product is dried for 40 min from the moment 
the temperature of 130 °C was re-created. It is allowed 
not to heat the drying cabinet to 140 °C, if after its full 
loading the temperature of 130 °C is re-created within 
5-10 min. After drying, the weighing bottles with the 
product are removed from the cabinet with crucible 
tongs, closed with lids and transferred to the desiccator 
for complete cooling for about 20 min (but no more than 
2 hours). Cooled weighing bottles are weighed with an 
error of no more than 0.01 g and placed in the desiccator 
until the analysis results are processed.
Product humidity (X) as a percentage is calculated 
using the Formula 1:
where m1 is the mass of flour and bran weight batch 
before drying (g); m2 is the mass of flour and bran weight 
batch after drying (g).
The effect of bee pollen, honey and oat talkan on the 
structural and mechanical properties of semi-finished 
products as dough is studied on fried semi-finished 
chak-chak and syrup. The structural and mechanical 
properties were analyzed with «ST-2 structure meter». 
Chak-chak wheat dough kneading parameters are deter-
mined with an information measuring complex, including 
Farinograph-E (Brabender, Germany), a kneading trough, 
a programmable thermostat and a personal computer.
Strength test determination is based on finding the 
extreme load on the "Knife" indenter. The product placed 
on the table is loaded at 10g/s after being touched in the 
middle with a force of 10 g.
Syrup viscosity test method is based on finding the 
loading force on the "Disk" indenter when it is introduced 
into the prepared syrup sample to a depth of 4 mm at 0.5 
mm/s after the contact force of 5 g. The maximum value 
of the loading force Fc expressed in grams is interpreted 
as the compressive strength of the paste. Then the posi-
tion of the indenter is fixed for 5 s and the indenter is 
extracted from the product at a distance of 45 mm at 0.5 
mm/s with the maximum tension force of the paste Ft.
m1-m2
m2
X = 100 
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Chak-chak wheat dough kneading parameters are 
found with the help of an information measuring complex, 
including Farinograph-E (Brabender, Germany), a knead-
ing trough, a programmable thermostat and a personal 
computer. Dough properties are tested with farinograph by 
kneading wheat flour with oat talkan. Dough consistency 
of 500 ± 20 f.u. is received by estimating the required 
amount of water. The farinograph operation procedure 
and principle: a flour sample of 300 g on a 14% moisture 
basis is placed in a mixing bowl and stirred for 1 min. 
Then water is added from the right front corner of the 
buret for 25 s. (Rumiantseva et al. 2012). The dynamics 
of rheological behavior of the chak-chak dough with a 
rational dosage of 6% of oat talkan and the control sample 
without oat talkan during kneading is tested on the Bra-
bender Farinograph-E. During the analysis, the dough 
development time and strength are recorded.
Determination of dough formation time
Dough formation time (min) is the difference between 
the time of adding water and the time when the first 
signs of a decrease in consistency appear. In cases where 
farinogram shows two maxima, the value of the higher 
maximum is used to measure the time of dough formation. 
The arithmetic mean value of the dough formation time 
is accepted as a result and is calculated according to two 
farinograms with a rounding to 0.5 min, provided that 
the difference between the two results does not exceed 1 
min for values of the dough formation time up to 4 min 
or 25% of their average value for values of the dough 
formation time more than 4 min.
Determination of dough resistance
Dough resistance (min) is calculated within the accuracy 
up to 0.5 min as the time difference between the points, 
at which the upper limit of the farinogram crosses for 
the first time and re-crosses the line 500 UF. This value 
characterizes dough resistance to mixing. If the actual 
maximum consistency deviates from the 500 UF line, but 
not more than ± 20 UF (9.1), then the line corresponding 
to the actual consistency must be used for the reading.
Experimental samples of chak-chak are made ac-
cording to the traditional formula modified by replacing 
wheat with 2-12% of oat talkan. The control samples are 
without oat talkan. The syrup to dress chak-chak is made 
of bee pollen used instead of sugar in the amount of 25 
to 100%. Results are compared with the control sample 
of the syrup without bee pollen. 
Results
Nonlinear multi-dimensional statistical models are used 
to optimize the ratio of the chak-chak ingredients and 
the syrup.
Chak-chak and syrup formula improvement based on 
mathematical models 
Nonlinear multi-dimensional statistical models are devel-
oped to evaluate the effect of bee products and oat talkan 
on the organoleptic and physico-chemical properties of 
chak-chak (Gabitov et al. 2018, 2018b). A similar method of 
optimizing flour confectionery recipes is used to improve 
the formulation of bakery products. The mathematical 
model is applied to the baking process. A mathematical 
model completely related to the change in the volume 
output is developed (Zhang and Datta 2006). 
At the first stage, the syrup formulation is optimized 
with the addition of bee pollen (see Table 1). The response 
function for the syrup viscosity is represented by the 
dependence:
where x is the mass fraction of bee pollen, y is the time 
that 1 quart (946 cm3) of the substance comes out of the 
z(x,y)1 = a0 + a1(x − 50) + a2(y − 57,5) + a3(x − 50)2 + 
a4(y − 57,5)2 + a5(x − 50)(y − 57,5) + a6(x − 50)3 
+ a7(y − 57,5)3
Standard (RMS) beta 
coefficient deviation
Coefficients Standard error t-statistics P-value Lower endpoint (95% 
confidence interval)
Upper endpoint (95% 
confidence interval)
a0 50.51746 0.613 82.447 0.000 49.303 51.731
a1 -0.52421 0.028 -18.558 0.000 -0.580 -0.468
a2 -0.29575 0.023 -12.725 0.000 -0.342 -0.250
a3 0.004341 0.000 14.373 0.000 0.004 0.005
a4 -0.00032 0.000 -1.082 0.282 -0.001 0.000
a5 0.002566 0.000 9.638 0.000 0.002 0.003
a6 -0.00019 0.000 -15.398 0.000 0.000 0.000
a7 1.71 E-05 0,000 1.723 0.088 0.000 0.000
Table 1. Significance test results for the syrup model coefficients.
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filled funnel. The coefficient of multiple correlation= 
0,99534175. The observed value of Fisher's F-criterion 
is 1705,.392471.
The multi-criteria optimization with one explanatory 
parameter is described by the generalized desirability 
function D (Kirillova and Kanevskaia 2017; Tugush et 
al. 2018). The optimal dosage of oat talkan is determined 
according to physical and chemical properties. The gener-
alized desirability function D is the proportional average 
of individual indicators.
where  is the individual desirability i indicator, n is the 
number of indicators. "Desirability" d refers to a desired 
level of the indicator. The d value of can vary from 0 to 1.
Since there are unilateral restrictions on the indica-
tors, the desirability function has the form:
where is some dimensionless quantity associated with 
the natural exponent (x).
The values of dimensional (natural) exponents (x) 
indicating the quality of semi-finished and finished prod-
ucts can be changed in dimensionless (y) at the nonlinear 
relationship according to the formula: 
Having twice logged the equation, we obtain an expres-
sion for yi
Substituting the values into the equation (eq. a), we get: 
Let's make a system of equations for the known values 
of x and d. Solving the system together, we find the values 
of the coefficients a0, a1, a2 and a3. As the result, there is 
an equation of the nonlinear dependence between the 
studied parameter and dimensionless values. According 
to this equation, one can find y for any x, and then the 
desirability index according to the Formula 2 (Kirillova 
and Kanevskaia 2017; Tugush et al. 2018). Assessment 
scales for dimensional indicators of chak-chak and biscuit 
semi-finished product are given in Tables 2 and 3.
"Excellent", "good", "satisfactory" and "poor" rates for 
organoleptic indicators of quality correspond to 25, 20, 
10 and 5 score values. Substituting these values in the 
formula (eq. b), we get:
Figure 1. Effect of the bee polen dosage on the syrup viscosity.
d1d2...dn
n√ D =
di = exp (−e−yi)
yi = a0 + a1xi + a2x2i  + a3x3i
yi = ln ln1di
1
a0 + a1xi + a2x2i  + a3x3i = ln
ln1di
1












1 2 3 4 5 6 7 8
Excellent 0.80 ≤ d < 1.00 < 48 < 12 > 180 < 28 < 14 > 25
Good 0.63 ≤ d < 0.80 > 48 > 12 < 180 >28 > 14 < 25
Satisfactory 0.37 ≤ d < 0.63 > 50 > 15 < 170 > 30 > 16 < 20
Poor 0.20 ≤ d < 0.37 > 52 > 17 < 150 > 32 > 18 < 10
Very poor 0.00 ≤ d < 0.20 > 54 > 18 < 140 > 34 > 20 < 5
Table 2. Chak-chak dimensional indicators and standard assessment criteria based on the desirability scale.
a0 + 25a1 + 252a2 + 253a3
a0 + 20a1 + 202a2 + 203a3
a0 + 10a1 + 102a2 + 103a3

















The equation of the nonlinear dependence between 
the texture indicator and the dimensionless value of the 
standard evaluation based on the desirability scale will 
be as follows: 
The calculation results are shown in Table 3. Natural 
and generalized quality indicators of chak-chakby the 
desirability function as well as the corresponding values 
are presented in Figure 2 and Table 4.
It is established that the generalized desirability func-
tion has the greatest value for samples 1-4.
Hence, the best amount of oat talkan for chak-chak is 
no more than 6%. Therefore, further studies were carried 
out on products with 6% of oat talkan.
y1 = −1.31 + 0.21x1 + −0.01x12 + 0.002x13
Indicator name Equation coefficients
a0 a1 a2 a3
Chak-chak
Density (kg/m3) -832.969 50.58465 -1.01489 0.006733813
Moisture weight (%) 1.753842 0.014651 0.006439 -0.000785284
Water absorption (%) -145.942 2.739339 -0.01731 3.69272E-05
Total sugar weight (%) -173.36 18.06974 -0.61086 0.006733813
Fat weight (%) -21.6347 4.925181 -0.32804 0.006733813
Organoleptic quality indicators -1.3186 0.219421 -0.01165 0.000295418
Table 3. Equation coefficients of the nonlinear dependence between product properties and the dimensionless indicators of the standard 

















































































































































































x1 х2 х3 х4 х5 х6 d1 d2 d3 d4 d5 d6
No. 1. 46.33 10.23 204.8 28.0 14.0 23,00 0.85 0.84 1.00 0.80 0.80 0.73 0.83 excellent
No. 2. 47.67 7.28 202.7 28.4 13.8 26,00 0.82 0.86 1.00 0.78 0.81 0.83 0.85 excellent
No. 3. 48.07 10.34 201.5 28.7 12.7 26,00 0.80 0.84 0.99 0.76 0.85 0.83 0.84 excellent
No. 4. 48.57 10.40 199.1 29.0 12.0 26,00 0.76 0.84 0.99 0.73 0.86 0.83 0.85 excellent
No. 5. 49.17 10.44 196.2 29.1 12.2 21,00 0.72 0.84 0.98 0.72 0.86 0.66 0.79 good
No. 6. 49.93 10.51 195.1 29.3 11.9 16,00 0.64 0.83 0.98 0.70 0.86 0.52 0.74 good
No. 7. 50.10 10.54 193.2 29.6 11.8 16,00 0.62 0.83 0.96 0.67 0.86 0.52 0.73 good
Table 4. Natural and generalized chak-chak indicators by the desirability function.
Sample No. 1.: control. Samples No. 2., No. 3., No. 4., No. 5., No. 6., and No. 7. are chak-chak with 2%, 4%, 6%, 8%, 10% and 12% of oat talkan, respectively.
Figure 2. Chak-chak values by the desirability function at different 
oat talkan dosages.
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Influence of oat talkan and bee products on structural 
and mechanical properties of chak-chak
Structural and mechanical properties of chak-chak dough 
are extremely important for the formation and subse-
quent roasting of semi-finished products (Muratova and 
Smolikhina 2013). The research results of the oat talkan 
effect on the dough properties are shown in Figures 3, 
4. Similar methods to determine the rheological char-
acteristics of flour and dough using a farinograph and 
a mixograph are widely used in researches to optimize 
the formula of bakery products (Munteanu et al. 2016). 
Particular parameters of the dough for confectionery 
products were studied using the farinograph. The data 
obtained are presented in the Table 5.
It is found that the dough development time of the 
control sample is 5.3 min, its resistance to mixing is 17.6 
min. The score (an indicator of the flour "strength") is 200. 
The dough development time with oat talkan is shorter 
and amounts to 4.6 min. The dough resistance to mixing 
is longer by 18.1 min. At the same time, the dough with 
oat talkan has more homogeneous structure compared 
to the control sample. Therefore, it can be concluded that 
oat talkan accelerates the gluten development and the 
technological process of chak-chak production.
Influence of Oat Talkan on the Technological Process of 
Making Chak-Chak
To determine the effect of oat talkan on the produc-
tion process, the time to fry dough pieces of chak-chak 
duration in deep fat is analyzed. During the studies, 
goods with 6% of oat talkan have been manufactured. 
The control samples of chak-chak are made according 
to the traditional recipe. The readiness of the chak-chak 
dough pieces is identified by humidity and appearance. 
The moisture content after frying was 8.9-9%. The results 
are shown in Figure 3.
It is found that the color of the dough pieces with oat 
talkan becomes golden brown in 2-3 min, while the con-
trol sample is still corn-colored. Moreover, the moisture 
content of the dough pieces with oat talkan decreases to 
9% at the 3rd minute of roasting that indicates the readi-
ness of the product. 
Thus, the addition of oat talkan reduces the duration 
of frying by 2 min compared to the control sample. It 
can result from higher content of dietary fibers in oat 
talkan that provide acceleration of heat and moisture 
exchange processes. 
Influence of oat talkan on structural and mechanical 
properties of fried semi-finished products of chak-chak
In the course of studies, the influence of different dos-
ages of oat talkan on the density of fried dough pieces 
of chak-chak is identified. To conduct the study, fried 
semi-finished products of chak-chak with a dosage of 
oat talkan from 0 to 12% (in 2% increments) are used. 
The results are shown in Figure 4. 
The dough height-diameter ratio increases in pro-
portion to the amount of oat talkan. This demonstrates 
lower dough firmness.
The next stage of the research is the study of the 
structural and mechanical properties of deep-fried semi-
finished chak-chak. The studies are carried out using the 
«ST-2 structure meter». During the study, 6 goods with 
No. Parameters Control Chak-chak with 
oat talkan
1 Wheat flour moisture content (%) 14.0 14.0
2 Dough formation time (min) 5.3 4.6
3 Resistance (min) 17.6 18.1
4 Consistency (FU) 580 550
5 Water absorption (%) 59 62
Table 5. Dough for confectionery products parameters
Figure 3. The effect of oat talkan on the time to fry chak-chak dough 
pieces.




6% of oat talkan from each batch and the control sample 
are selected. The strength and fragility of semi-finished 
products are examined with the help of the "Knife" in-
denter. The results are presented in Figures 5, 6. 
The resulting data makes it possible to evaluate the 
structure and consistency of fried semi-finished products. 
The control samples are found to have a denser structure 
and less developed texture than the products with talkan. 
There is an increase in the volume of fried semi-finished 
chak-chak with talkan. Also, according to the data re-
ceived, the fragility of products when adding oat talkan 
to the formula, is higher that is a positive property for 
this type of flour confectionery products.
Based on the conducted research, it can be concluded 
that oat talkan improves the consistency and structure of 
fried semi-finished chak-chak, which is why its addition 
to the chak-chak formula is reasonable. Chakkaravarthi 
et al. (2009) studied the rheological parameters of dough 
and fried semi-finished confectionery jalebi using a rhe-
ometer with a controlled voltage. Similar studies of the 
influence of various non-traditional raw materials on the 
structural and mechanical properties of flour confection-
ery and bakery were conducted by researchers (Thakur 
and Nanda 2018, 2019; Saleh et al. 2019).
Figure 5. Assessing the strength of fried semi-finished chak-chak (the control sample).
Figure 6. Evaluating the strength of fried semi-finished chak-chak with 6% of oat talkan
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Development of a syrup formula for Chak-Chak with bee 
pollen
Since chak-chak is a high-calorie product, one of the 
goals of this work is to reduce the amount of sugar in the 
chak-chak syrup formula. Therefore, sugar in the syrup 
formula is replaced with bee pollen in the amount of 25%, 
50%, 75%, and 100% of the sugar mass.
We identified the effect of the bee pollen dosage on 
the organoleptic characteristics of the syrup. With added 
bee pollen the color of the syrup becomes deep golden. 
There is also a pleasant taste and flavor pertinent to honey 
and bee pollen. There is also an organoleptic evaluation 
of the syrup with different dosages of bee pollen (results 
not shown).
It is found that the syrup with 25% of bee pollen has 
the highest organoleptic score being 30 points. It corre-
sponds to the "excellent" assessment. With higher dosage 
of bee pollen there is a further change in the syrup color 
to brown and bitter taste. It is unacceptable for this type 
of finishing product. 
To test the effect of bee pollen on the structural and me-
chanical properties of the syrup, its viscosity is examined. 
The results presented in Figure 7 clearly demonstrate the 
dependence of the syrup flow time in the March funnel 
on the dosage of bee pollen.
Bee pollen added to the syrup is found to reduce its 
viscosity. It can complicate the process of finishing the 
end product. To confirm the received results the strength 
characteristics and the syrup viscosity are analyzed on 
the «ST-2 structure meter» using the "Disk" indenter. It 
is conducted at 33 °C. The results are shown in Figure 8.
It is established that introducing the indenter in the 
control sample of the syrup requires more force than 
the indentation in the syrup with bee pollen. The results 
indicate a decrease in the syrup viscosity when bee pol-
len is added. Obviously, this is due to vitamins, minerals 
and amino acids in bee pollen that prevent the sucrose 
crystallization.
Discussion
The chak-chak product is authentic and has no analogues 
in the world. At the same time in many countries attempts 
have been made to improve the quality and properties of 
traditional flour confectionery goods by including bee 
products and different cereals.
There are a number of researches devoted to the change 
of rheological properties of flour confectionery under the 
influence of introduced ingredients. Thus, the influence 
of different flour from different varieties of flax seeds 
on rheological properties of wheat flour is studied. The 
rheological properties are evaluated by the Mixolab device. 
The dough microstructure is evaluated by epifluorescence 
light microscopy. Higher dosage of flaxseed flour brings 
in an increase in water absorption capacity and stability 
of the dough (Codină and Mironeasa 2016).
There are papers that study factors influencing the 
rheological characteristics of the dough, the effect of dif-
ferent additives as well as the interaction of ingredients. 
The most frequently used methods of rheological tests 
and their relation to the product functionality are also 
Figure 7. Dependence of the syrup viscosity on bee pollen content.
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analyzed (Amjid et al. 2013).
Studies on optimizing the content of iron (FE) and 
oligofructose (OF) in order to get wheat flour dough with 
the best rheological properties using the methodology of 
the response surface (RSM) are conducted. The rheologi-
cal properties of the dough are tested with farinograph, 
alveograph, amylograph, falling number and rheofer-
mentometer. Added iron and oligofructose are found to 
improve the structure of the product. With higher levels 
of oligofructose, water absorption, dough strength, its 
extensibility, the falling number, the temperature at high 
viscosity are significantly lower (Codină et al. 2019).
There are also a number of research works aimed at 
optimizing bakery and flour confectionery goods using 
the methodology of the response surface (Zhang and 
Datta 2006; Arghire et al. 2016; Munteanu et al. 2016; 
Tugush et al. 2018) and the desirability function (Zhang 
and Datta 2006; Myers et al. 2016; Tugush et al. 2018; 
Kilic et al. 2019). At the same time, the formula component 
optimization by creating mathematical models for the 
developed product has not been carried out. Therefore, 
we have developed nonlinear, multiple regression mod-
els based on the received data, natural and generalized 
desirability values. These provided the evidence base to 
justify practicability of ingredient introduction. 
There is a work (Krystyjan et al. 2015), devoted to 
the study of the bee pollen influence on the qualitative 
properties of flour confectionery goods. Studies prove 
that bee pollen does not affect the fat content of cookies. 
However, there was a small but significant increase in the 
protein and mineral content of the product. Basically, the 
data obtained by other researchers indicate that the ad-
dition of processed cereal products, bee pollen and other 
bee products increases the biological and nutritional value 
of the end good that is also confirmed by our results.
Conclusions
As the result of the conducted studies nonlinear multidi-
mensional statistical models are developed. The formula 
of chak-chak with oat talkan and the syrup with sugar 
replaced by bee pollen is optimized. The rational dosages 
are found to be as follows: wheat flour replaced with oat 
talkan in the amount of 6% (in the chak-chak formula) 
and sugar replaced with bee pollen in the amount of no 
more than 25% (in the syrup recipe).
The influence of oat talkan and bee products on the 
structural and mechanical properties of semi-finished 
products and finished products, as well as on the param-
eters of the manufacturing process is identified. When 
adding oat talkan to the chak-chak formula, the dough 
development time is reduced by 4.5 min, while the dough 
stability during kneading is increased by 1.5 min. Com-
pared to the control sample, the products with oat talkan 
have a more aerated structure and developed porosity. 
There is an increase in the volume of fried semi-finished 
chak-chak with talkan. The addition of bee pollen is found 
to reduce the syrup viscosity. 
It is found to be reasonable to use bee products and oat 
talkan in the chak-chak formula to improve the structural 
and mechanical properties of the product and reduce 
Figure 8. Effect of the bee pollen on the syrup viscosity.
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the production process by accelerated time for dough 
development and dough pieces frying. 
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